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METHODS FOR TREATING RESPIRATORY DISEASES AND FORMULATIONS
THEREFOR

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims, under 35 U.S.C. § 119(e), the benefit of and
priority to U.S. Provisional Application No. 61/781,197 filed March 14, 2013, which is hereby

incorporated herein by reference.

TECHNICAL FIELD
The invention described herein pertains to the treatment of respiratory diseases,
including cystic fibrosis. The invention described herein also pertains to inhalation

formulations of macrolide antibiotics.

BACKGROUND AND SUMMARY OF THE INVENTION

The treatment of bacterial infections continues to be an important endeavor of
pharmaceutical research and development. The specter of bacterial resistance to currently
available antibiotics is ever-present, and accordingly, new and improved compounds,
pharmaceutical formulations, treatment methods, and treatment protocols are needed. In
addition, bacterial infections present themselves in a wide range of tissues, and in many cases,
those tissues pose particular challenges for successful treatment. For example, new treatments
of bacterial infections of the respiratory system, including acute and chronic pulmonary and
endobronchial infections, are needed.

Many antibiotics do not achieve sufficiently high lung concentrations to be
effectively used in the treatment and/or prophylaxis of acute and chronic pulmonary and
endobronchial diseases. For example, aminoglycoside penetration into the bronchial secretions
has been reported to be poor, at approximately only about 12% of the peak serum concentration
(Rev. Infect. Dis., 3:67 (1981)). In addition, it has been reported that sputum itself is inhibitory
to the bioactivity of aminoglycosides because of its high ionic strength and the presence of
divalent cations (Advances in Pediatric Infections Diseases, 8:53 (1993)). Sputum also contains
mucin glycoproteins and DNA, which bind aminoglycosides. It has also been reported that to
overcome the inhibitory activity, the concentration of aminoglycosides in the sputum would
need to be increased to about ten times the minimum inhibitory concentration of the particular
target pathogen, such as Pseudomonas aeruginosa isolates (J. Infect. Dis., 148:1069 (1983)).

It has also been reported that it is particularly difficult to treat cystic fibrosis
(CF), a common genetic disease that is characterized by the inflammation and progressive
destruction of lung tissue. The debilitation of the lungs in CF patients is associated with

accumulation of purulent sputum produced as a result of chronic endobronchial infections
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caused by pathogenic bacteria, such as H. influenzae, Staphylococcus aureaus, and
Pseudomonas aeruginosa, and the like. Nearly all individuals suffering from CF eventually die
of respiratory failure.

Because certain antibiotics, like aminoglycosides, penetrate poorly into the
sputum, to achieve therapeutic concentrations in sputum, high dose parenteral administration is
required. Such dosing regimens increase the risk of systemic toxicity including ototoxicity and
nephrotoxicity because the serum contains high aminoglycoside concentrations. Intravenous
therapy may also increase hardship on the patient, and require hospitalization, which increases
treatment costs and exposes the patient to potential other infections. It is appreciated that
during infection, the bacteria may predominantly reside in the smaller airways, such as the
terminal and respiratory bronchioles, and that the bacteria may predominantly colonize in the
larger airways. It has also been reported that when azithromycin is administered by inhalation
and other intrabronchial routes, the half-life in the pharynx and lungs is undesirably long,
leading to a higher potential for resistance.

Tobramycin inhalation solution is currently the only aerosol antibiotic approved
for use for the treatment of bacterial infections in patients with CF. It has been reported that the
aerosol administration of tobramycin reduces the potential for systemic toxicity. However, it
has also been reported that long term use has been associated with multiple-antibiotic-resistant
P. aeruginosa strains. Thus, there is a need for the development of different treatments,
including classes of aerosol antibiotics for the treatment, of chronic lung infections in patients
with CF.

It has been unexpectedly discovered that unlike azithromycin, triazole-
containing macrolides described herein have an optimal half-life in the pharynx and lungs,
which allows for efficacy in treating disease in the lungs with a lower potential for resistance
development. It has also been surprisingly discovered that the triazole-containing macrolides
described herein may be administered by inhalation, including intranasal and oral inhalation,
and other nasal, sinus, respiratory tract, pulmonary, and intrabronchial routes. It has also been
unexpectedly discovered that the triazole-containing macrolides described herein exhibit a large
volume of distribution.

It has also been discovered that the macrolides described herein are useful in
treating respiratory tract infections (RTIs). It has been surprisingly discovered that the
compounds described herein also achieve sufficiently high lung levels upon oral administration.
Accordingly, methods are described herein for the treatment and/or prophylaxis of acute and
chronic pulmonary and endobronchial diseases, where the methods include the step of

administering or co-administering one or more macrolides described herein to a host animal.
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The macrolides may be administered by a variety of routes, including but not limited to oral,
parenteral, inhalation, and like routes of administration. Without being bound by theory, it is
believed herein that the utility of the macrolides described herein is due at least in part to the
unexpectedly high lung tissue levels of the compounds following administration, including oral
and parenteral administration. It has also been surprisingly discovered that the compounds do
not have to be administered by inhalation to achieve efficacious lung levels.

It has also been discovered that the macrolide compounds described herein are
useful in the treatment and/or prophylaxis of acute and chronic pulmonary and endobronchial
diseases, such as diseases caused by or exacerbated by bacteria, including Pseudomonas
aeruginosa seen in CF patients, chronic bronchitis, and bronchiectasis. It has been discovered
that the macrolides described herein have potent anti-inflammatory activities, and therefore are
useful in treating the inflammatory component of various pulmonary and endobronchial
diseases, such as CF.

It has also been discovered that the macrolides described herein may be co-
administered with other antibiotics, such as aminoglycosides, fluoroquinolones, aztreonam,
fosfomycin, and the like, and that such co-administration give unexpectedly high efficacy.
Without being bound by theory, it is believed herein that the unexpectedly high efficacy may be
due to one or more properties of the macrolides. One such property may be that the macrolides
have been shown to not antagonize the activity of other antibiotics, such as aminoglycoside
antibiotics, which has been reported for other antibacterial agents during co-administration.
Another such property may be that the macrolides surprisingly synergize the activity of other
antibiotics, such as aminoglycoside antibiotics.

It has also been discovered that the macrolides described herein are useful in
treating diseases that are caused at least in part by Escherichia coli, Enterobacteria species,
Klebsiella pneumoniae, K. oxytoca, Proteus mirabilis, Pseudomonas aeruginosa, Serratia
marcescens, Haemophilus influenzae, Burkholderia cepacia, Stenotrophomonas maltophilia,
Alcaligenes xylosoxidans, multidrug resistant Pseudomonas aeruginosa. The macrolides may
be administered alone or in combination with other antibiotics, such as aminoglycosides,
fluoroquinolones, aztreonam, fosfomycin, and the like.

Described herein are compounds, compositions, formulations, uses in the
manufacture of medicaments, and methods for treating respiratory infections, and related
diseases, including cystic fibrosis (CF), diseases caused at least in part by Mycobacterium
avium complex (MAC) or Mycobacterium hominus (MAH), patients suffering from infection
co-morbid with HIV, AIDS and/or AIDS related diseases, and other immunocompromised

patients suffering from infection. Without being bound by theory, it is believed herein that
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efficacy in treating disease such as CF is due at least in part to the combination of antibacterial

and anti-inflammatory activity of the compounds administered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows that synergy against MRSA SA 2230 is observed with achievable
levels of CEM-101 co-administered with tobramycin.

FIG. 2 shows the effect of various macrolides on PMA-induced MMP9
production. Effects of macrolides on phorbol 12-myristate 13-acetate (PMA)-induced MMP9
activation in U937 cells. Cells were pretreated with CEM-101 (10 to 100 uM) or erythromycin,
clarithromycin, azithromycin, or telithromycin (33 to 333 uM) for 1 h, followed by PMA (50
ng/mL) treatment for 48 h. After 48 h supernatants were collected for zymography. MMP9
enzyme activity was measured by gelatin zymography. Data are expressed relative to standard.
Values represent means of four experiments for CEM-101 and three experiments for each of
erythromycin, clarithromycin, azithromycin, and telithromycin, = SEM. * p <0.01 (vs. non-
treatment control), * p < 0.05, ** p < 0.01 (vs. treatment with PMA only).

FIG. 3 shows the effect of various macrolides on LPS-induced TNFa production.
Effects of macrolides on lipopolysaccharide (LPS)-induced TNFq release in PMA-
differentiated U937 cells. Cells were pretreated with CEM-101 (10 to 100 uM) or
erythromycin, clarithromycin, azithromycin, or telithromycin (33 to 333 uM) for 1 h, followed
by LPS (100 ng/mL) stimulation for 4 h. LPS-induced TNF release was evaluated by ELISA.
Values represent means of three experiments + SEM. * p < 0.01 (vs. non-treatment control), *
p <0.05, ** p <0.01 (vs. treatment with LPS only).

FIG. 4 shows the effect of various macrolides on LPS-induced IL-8 production.
Effects of macrolides on lipopolysaccharide (LPS)-induced CXCLS release in PMA-
differentiated U937 cells. Cells were pretreated with CEM-101 (10 to 100 uM) or
erythromycin, clarithromycin, azithromycin, or telithromycin (33 to 333 uM) for 1 h, followed
by LPS (100 ng/mL) stimulation for 4 h. LPS-induced CXCLS release was evaluated by ELISA.
Values represent means of three experiments + SEM. * p < 0.01 (vs. non-treatment control), *

p <0.05, ** p <0.01 (vs. treatment with LPS only).

DETAILED DESCRIPTION

In one embodiment, the compounds, compositions, formulations, and methods
include one or more macrolides described herein. In another embodiment, the compounds,
compositions, and formulations are adapted for oral administration. In another embodiment,

the compounds, compositions, and formulations are adapted for parenteral administration. In
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another embodiment, the compounds, compositions, and formulations are adapted for
administration by inhalation. In another embodiment, the methods include oral administration.
In another embodiment, the methods include parenteral administration. In another embodiment,
the methods include administration by inhalation.

It has been unexpectedly discovered herein that the triazole-containing ketolide
antibiotics and fluoro derivatives thereof, such as CEM-101 and related compounds, are
effective anti-inflammatory agents and as such are effective in treating CF. In particular,
triazole-containing ketolide antibiotics and fluoro derivatives thereof described herein are
effective in treating the bacterial and inflammatory aspects of CF.

It is also discovered herein that the compounds described herein exhibit high
solution stability even during long term storage.

In another embodiment, compounds, compositions, and methods are described
herein for treating CF that includes both a bacterial and inflammatory component.

The invention described herein is further illustrated by the following enumerated
and non-limiting clauses:

1. A method for treating a pulmonary or endobronchial disease in a host
animal, the method comprising the step of administering to the host animal a therapeutically

effective amount of one or more compounds of the formula

Cc

N
T
/
N

or pharmaceutically acceptable salts thereof, wherein:

X is H; and Y is OR7; where R7 is a monosaccharide or disaccharide, or a
derivative thereof; or X and Y are taken together with the attached carbon to form carbonyl;
Z.is a monosaccharide or disaccharide, or a derivative thereof;

V is C(O), or C(=NRy;), wherein R;; is hydroxy or alkoxy;
Wis H, F, Cl, Br, I, or OH;
A is CHa, C(0O), C(0)O, C(O)NH, S(O)2, S(O),NH, or C(O)NHS(O),;
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B is (CH;), where n is an integer in the range from 0 to about 10, or B is C,-Cy
alkenyl or alkynyl; and

C is cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl,
each of which is optionally substituted;

where the compound is administered by inhalation to the endobronchial space of
the patient.

2. A composition for administration by inhalation, the composition
comprising one or more compounds of the formula

N
T
/

C

or pharmaceutically acceptable salts thereof, wherein:

X is H; and Y is OR7; where R; is a monosaccharide or disaccharide, or a
derivative thereof; or X and Y are taken together with the attached carbon to form carbonyl;

Z.is a monosaccharide or disaccharide, or a derivative thereof;

V is C(O), or C(=NRy;), wherein R;; is hydroxy or alkoxy;

Wis H, F, Cl, Br, I, or OH;

A is CH,, C(0O), C(O0)O, C(O)NH, S(O),, S(O),NH, or C(O)NHS(O),;

B is (CH;), where n is an integer in the range from 0 to about 10, or B is C,-Cy
alkenyl or alkynyl; and

C is cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl,
each of which is optionally substituted.

3. A unit dose of a therapeutically effective amount of the compound or
composition of clause 2, the unit dose comprising a predetermined amount of the compound
adapted for administering by inhalation.

4. A kit for treating a pulmonary or endobronchial disease in a host animal,
the kit comprising a solid unit dose of a therapeutically effective amount of the compound or
composition of any one of the preceding clauses, and an aerosolizer adapted or configured to

aerosolize the pharmaceutical formulation and deliver it to the lower respiratory tract and
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pulmonary compartment following intraoral administration, and instructions for use. Itis
appreciated that the solid unit dose may be administered as a dry powder or a metered-dose
inhaler.

5. A kit for treating a pulmonary or endobronchial disease in a host animal,
the kit comprising a solid unit dose of a therapeutically effective amount of the compound or
composition of any one of the preceding clauses, and an aerosolizer adapted or configured to
aerosolize the pharmaceutical formulation and deliver it to the nasal cavity following intranasal
administration, and instructions for use. It is appreciated that the solid unit dose may be
administered as a dry powder or a metered-dose inhaler.

6. A kit for treating a pulmonary or endobronchial disease in a host animal,
the kit comprising a solid unit dose of a therapeutically effective amount of the compound or
composition of any one of the preceding clauses, and a separate diluent, and instructions for
use, including an instruction for reconstituting the solid unit dose using the diluent to prepare a
liquid composition capable of being inhaled by the host animal.

7. The kit of any one of the preceding clauses further comprising a
container.

8. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the composition is a dry powder adapted for inhalation by the host animal.

0. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the composition is a solution adapted for aerosolization and inhalation by the
host animal.

10. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein compound is delivered to achieve a lung concentration, such as measured in
epithelial lining fluid (ELF), sputum, ling tissues, bronchial lavage fluid, and the like, of at least
about 2 pg/mlL, at least about 4 pg/mL, at least about 8 pg/mL or at least about 16 ug.mL

11. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein X and Y are taken together with the attached carbon to form carbonyl.

12. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein Z is a monosaccharide.

13. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein Z is desosamine or a derivative thereof.

14. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein Z is desosamine.

15. The method, composition, unit dose, or kit of any one of the preceding

clauses wherein V is C(O).
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16. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein W is H or F.

17. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein W is F.

18. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein A is CH,.

19.  The method, composition, unit dose, or kit of any one of the preceding
clauses wherein B is (CH»),.

20. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein n is an integer from 2 to 4

21. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein n is 3.

22. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein C is aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each of which is optionally
substituted.

23. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein C is aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each of which is substituted.

24. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein C is aryl or heteroarylalkyl, each of which is optionally substituted.

25. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein C is optionally substituted aryl or substituted aryl.

26. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein C is aminophenyl.

27. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein C is 3-aminophenyl.

28. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the compound is solithromycin, or a pharmaceutically acceptable salt, hydrate,
solvate, or prodrug thereof

29. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the compound is solithromycin, or a pharmaceutically acceptable salt thereof

30. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the compound is solithromycin.

31. The method, composition, unit dose, or kit of any one of the preceding

clauses wherein the administration is performed using a nebulizer, and the composition or unit
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dose is capable of producing a aerosol particle with an MMAD predominantly in the range from
about 1 to about 5 um.

32. The method, composition, unit dose, or kit of any one of the preceding
clauses further comprising the step of administering a therapeutically effective amount of an
aminoglycoside.

33. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the aminoglycoside is selected from the group consisting of tobramycin,
amikacin, and a combination thereof.

34. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the compound is administered at a dose lower than that capable of antagonizing
or significantly antagonizing the efficacy of the aminoglycoside.

35. The method, composition, unit dose, or kit of any one of the preceding
clauses further comprising the step of administering a therapeutically effective amount of a
fluoroquinolone antibiotic.

36. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the fluoroquinolone is levofloxacin

37. The method, composition, unit dose, or kit of any one of the preceding
clauses further comprising the step of administering a therapeutically effective amount of
aztreonam.

38. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease includes ventilator associated pneumonia (VAP), hospital acquired
pneumonia (HAP), community acquired bacterial pneumonia (CABP), or a combination
thereof.

39. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease includes cystic fibrosis, lung cancer, obstructive lung diseases, such
as chronic obstructive pulmonary disease, asthma, chronic bronchitis, restrictive lung diseases,
emphysema, primary and secondary ciliary dyskinesia, sinusitis, pneumonia, mesothelioma, or
a combination thereof.

40. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease includes cystic fibrosis.

41. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the host animal is immunocompromised.

41. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by a gram-negative bacteria such as

Pseudomonas spp., Stenotrophomonas maltophilia, Burkholderia cepacia, Aeromonas
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hydrophilia, Escherichia coli, Citrobacter freundii, Salmonella spp., Shigella spp., Enterobacter
spp., Klebsiella spp., Serratia marcescens, Francisella tularensis, Morganella morganii, Proteus
spp., Providencia spp., Acinetobacter spp., Yersinia enterocolitica, Yersinia spp., Bordetella
spp., Haemophilus spp., Pasteurella spp., Branhamella catarrhalis, Helicobacter pylori,
Campylobacter spp., Borrelia spp., Legionella pneumophila, Listeria monocytogenes, Neisseria
gonorrhoeae, Neisseria meningitidis, Kingella, Moraxella, Gardnerella vaginalis, Bacteroides
spp., and the like.

42. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by a gram-positive bacteria such as
Corynebacterium spp., Streptococcus spp., Enterococcus spp., Staphylococcus spp., and the
like.

43. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by a gram-positive anaerobic bacteria such
as Clostridium spp.

44. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by an acid-fast bacteria such as
Mycobacterium tuberculosis, Mycobacterium avium, Mycobacterium intracellulare, and
Mycobacterium leprae.

45. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by an atypical bacteria such as Chlamydia
pneumoniae and Mycoplasma pneumoniae.

46. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by one or more strains of Pseudomonas
aeruginosa, mucoid Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus aureus ,
including MRSA, or a combination thereof.

47. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by one or more CF strains of Pseudomonas
aeruginosa, mucoid Pseudomonas aeruginosa, Burkholderia cepacia, S. aureus , including
MRSA, or a combination thereof.

48. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the mucoid Pseudomonas aeruginosa is pyocyanin positive.

49. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by one or more strains of Staphylococcus
aureus, including susceptible and resistant strains, such as MRSA, B. anthracis, or a

combination thereof.
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50. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by one or more strains of MRSA.

51. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by one or more of clarithromycin resistant
bacteria, including multi-resistance or pan-resistance, or a combination thereof.

52. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by inflammation.

53. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the disease is caused at least in part by inflammation arising from TNFa.
production, CXCLS production, IL-8 production, MMP9 production, or a combination thereof.

54. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the host animal is a mammal.

55. The method, composition, unit dose, or kit of any one of the preceding
clauses wherein the host animal is a human.

[lustrative inhalable compounds, compositions, and formulations include
inhalable dry powders and inhalable aerosolizable solutions. It is to understood that the
inhalable compounds, compositions, and formulations may provide additional benefits due to
the direct delivery to the endobronchial site of infection, such as decreased toxicity compared to
other systemic delivery, reduced cost, and better patient compliance, such as compared to IV
antibiotic administration requiring an inpatient or outpatient visit.

Mlustrative inhalable compounds, compositions, and formulations are adapted for
delivery to the lungs and endobronchial space of the patient, such as by aerosolization or dry
powder inhalation. Such compounds may be lyophilizates, or reconstitutable lypophilizates, as
described in PCT International Publication No. WO 2011/112864, the disclosure of which is
incorporated herein by reference. In another embodiment, the compounds are prepared as
liposomes, including charged liposomes and antibody coated liposomes, nanoparticulate or
microparticulate compositions, nanosuspensions, and the like. The inhalable compounds,
compositions, and formulations may include one or more pharmaceutically acceptable carriers,
excipients, suspending agents, diluents, fillers, salts, buffers, stabilizers, solubilizers, solvents,
dispersion media, coatings, isotonic agents, and other materials. The inhalable compounds,
compositions, and formulations may include potentiators, complexing agents, targeting agents,
stabilizing agents, cosolvents, pressurized gases, or solubilizing conjugates.

[lustrative excipients include sugars such as lactose, sucrose, mannitol, or
sorbitol; cellulose preparations such as, maize starch, wheat starch, rice starch, potato starch,

gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethylcellulose, sodium
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caroxymethylcellulose, and/or polyvinylpyrrolidone (PVP). Preferred excipients include
lactose, gelatin, sodium carboxymethyl cellulose, and low molecular weight starch products.

[lustrative suspending agents that can serve as valve lubricants in pressurized
pack inhaler systems include oleic acid, simple carboxylic acid derivatives, and sorbitan
trioleate.

[lustrative diluents include water, saline, phosphate-buffered citrate or saline
solution, and mucolytic preparations. Other illustrative diluents include alcohol, propylene
glycol, and ethanol. Other illustrative diluents have a tonicity and pH compatible with the
alveolar apparatus. Other illustrative diluents include isotonic saline, phosphate buffered
isotonic solutions whose tonicity have been adjusted with sodium chloride or sucrose or
dextrose or mannitol.

Mlustrative fillers include glycerin, propylene glycol, ethanol in liquid or fluid
preparations. Illustrative fillers for dry powder inhalation systems include lactose, sucrose,
dextrose, suitable amino acids, and derivatives of lactose. In another embodiment, the fillers
include glycerin, propylene glycol, lactose and amino acids.

Mlustrative salts include those that are physiologically compatible and provide
the desired tonicity adjustment, including monovalent and divalent salts of strong or weak
acids. In another embodiment, the salts include tartrates.

Mlustrative buffers include phosphate or citrate buffers or mixed buffer systems
of low buffering capacity. In another embodiment, the buffers include phosphate.

Mlustrative coating agents to provide a hydrophobic sheath around the
hydrophilic cores include caproic and lauric acids. During the preparation of liposomes the use
of diphosphatidyl choline or diphosphatidyl myristyl choline or suitable such mixtures can be
used to provide protection to the molecules or formulation.

Mlustrative stabilizers include those that provide chemical or physical stability of
the final preparations. Such stabilizers include antioxidants such a sodium metabisulfite,
alcohol, polyethylene glycols, butylated hydroxyanisole, butylated hydroxytoluene, disodium
edetate. In another embodiment, the stabilizers include sodium metabisulfite, disodium edetate
and polyethylene glycols. In another embodiment, the stabilizers include cryoprotectants such
as polyethylene glycols, sugars, and carrageenans.

Mlustrative solubilizers include propylene glycol, glycerin, suitable amino acids,
complexing agents such as cyclodextrins, sorbitol solution, or alcohol. In another embodiment,
the solubilizers include ethanol, propylene glycol, glycerin, sorbitol, and cyclodetrins. In

another embodiment, the solubilizers include propylene glycol, sorbitol, and cyclodextrins.
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It is to be understood that the formulations described herein may include any and
all selections from the above lists of components, in any combination.

In another embodiment, the active ingredients are formulated for inhalation with
use of a suitable propellant such as dichlorodifluoromethane, dichloroflouromethane,
dichlorotetrafluoroethane, carbon dioxide or other gas. In another embodiment, the propellants
include non-CFC related class of propellants or related analogs.

In another embodiment, the active ingredients are dried into an inhalable dry
powder by mixing with suitable adjuvants that are compatible with the compounds described
herein and are biologically compatible. Illustrative methods of drying the pharmaceutical
material for inhalation include spray drying, conventional bed drying, and/or super critical fluid
processing. In another embodiment, spray drying and super critical fluid processing are used.

In another embodiment, the compounds, compositions, and formulations are
adapted for aerosolization as concentrated solutions of the compounds, such as about 1 to about
5 mL solutions of about 100 to about 1,000 mg, about 200 to about 800 mg, about 400 to about
600 mg, about 400 to about 500 mg, about 200 to about 400 mg, about 200 to about 300 mg,
about 100 to about 400 mg, about 100 to about 300 mg, or about 100 to about 200 mg of the
compounds.

Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein include cystic fibrosis (CF), ventilator associated pneumonia
(VAP), hospital acquired pneumonia (HAP), community acquired bacterial pneumonia
(CABP), and combinations thereof.

Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein also include lung cancer, obstructive lung diseases, such as
chronic obstructive pulmonary disease, asthma, chronic bronchitis, restrictive lung diseases,
emphysema, primary and secondary ciliary dyskinesia, sinusitis, pneumonia, mesothelioma, and
combinations thereof.

In another embodiment, compounds, compositions, formulations, and methods
are described herein for treating cystic fibrosis. In another embodiment, compounds,
compositions, formulations, and methods are described herein for treating
immunocompromised patients having a bacterial infection.

Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein include diseases caused at least in part by one or more strains of
Pseudomonas aeruginosa, mucoid Pseudomonas aeruginosa, Burkholderia cepacia,

Staphylococcus aureus , including MRSA, or a combination thereof.
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Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein include diseases caused at least in part by one or more CF strains
of Pseudomonas aeruginosa, mucoid Pseudomonas aeruginosa, Burkholderia cepacia, S. aureus
, including MRSA, or a combination thereof. In one variation, the mucoid Pseudomonas
aeruginosa is pyocyanin positive.

Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein include diseases caused at least in part by one or more strains of
Staphylococcus aureus, including susceptible and resistant strains, such as MRSA, B. anthracis,
or a combination thereof

Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein include diseases caused at least in part by one or more strains of
MRSA.

Mlustrative diseases treatable with the compounds, compositions, formulations,
and methods described herein include diseases caused at least in part by one or more of
clarithromycin resistant bacteria, including multi-resistance and pan-resistance.

It has been reported that cystic fibrosis patients and other patients with chronic
endobronchial infections may have a high incidence of bronchospastic or asthmatic airways.
These airways are sensitive to hypotonic or hypertonic aerosols, to the presence of a permanent
ion, particularly a halide such as chloride, as well as to aerosols that are acidic or basic. The
effects of irritating the airways can be clinically manifested by cough or bronchospasm. It is
therefore appreciated that the formulations described herein desirably have adjusted osmolality,
tonicity, ionic strength and pH.

In another embodiment, the aerosolizable formulations have salinity adjusted to
be well-tolerated by patients. In another embodiment, formulation has balanced osmolality
ionic strength and chloride concentration. In another embodiment, the formulation has the
smallest reasonable aerosolizable volume able to deliver the effective dose of the compounds to
the site of the infection. In another embodiment, the formulation does not negatively impair
airway function and does not cause any undesirable side effects.

In another embodiment, the aerosolizable solution formulations are
physiologically acceptable solutions, such as saline and/or buffered saline solutions. Illustrative
saline concentrations are physiological, such as about 0.9% saline, or sub-physiological, such as
in the range from about 0.1% saline to less than about 0.9% saline, including about 0.225%
saline (25% physiological saline) solutions. It is to be understood that the formulations may
also contain bromide and/or iodide. In another embodiment, the pH of the solutions are in the

range from about 4.2 to about 7.5, about 4.5 to about 7.5, about 4.5 to about 7, about 5.5 to
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about 7, or about 5.5 to about 6.5, or at about 6.0. It is to be understood that the foregoing pHs
may be buffered or unbuffered.

In another embodiment, the aerosolizable formulations are dry powders or
liquids formed from or capable of forming small particles suitable for deep endobronchial entry,
such as small particles having average diameter, such as a mass medium average diameter
(MMAD) predominantly of about 10 um or less, such as in the range of about 1 to about 10
um; predominantly of about 5 um or less, such as in the range from about 1 to about 5 pm, or in
the range from about 2 to about 5 pm. In another embodiment, the formulations are capable of
being aerosolized, such as by nebulization, and/or are capable of forming small particles
suitable for deep endobronchial entry, such as having average diameter, such as a MMAD
predominantly of about 5 um or less, such as in the range from about 1 to about 5 um. As used
herein, predominantly or a majority of generally refers to about 70% or greater, about 80% or
greater, or about 90% or greater of the particles are about 10 um or less, such as in the range of
about 1 to about 10 pm; or about 5 um or less, such as in the range from about 1 to about 5 pm,
or in the range from about 2 to about 5 um. It is to be understood that standard deviations of
less than or equal to about 3 um, or less than or equal to about 2 pm are observed in the
foregoing ranges. It is to be understood that the foregoing specifically describes each and all
integral values in each range.

In another embodiment, the aerosolizable solution formulations have an
osmolarity in the range from about 50 to about 1050 mOsm/L, or in the range from about 50 to
about 550 mOsm/L, or in the range from about 100 to about 750 mOsm/L, or in the range from
about 200 to about 750 mOsm/L, or in the range from about 200 to about 600 mOsm/L, or in
the range from about 300 to about 600 mOsm/L, or in the range from about 300 to about 500
mOsm/L, or in the range from about 150 to about 250 mOsm/L, or in the range from about 165
to about 190 mOsm/L. In another embodiment, the formulations have an osmolality in the
range from about 50 to about 550 mOsm/kg, or in the range from about 165 to about 190
mOsm/kg.

In another embodiment, the compounds described herein are administered as an
aerosol suspension, such as an aerosol suspension of liposomes or other microscopic particles.

In another embodiment, the aerosol formulation is nebulized into particle sizes
which can be delivered to all parts of the lung, throughout the endothelial tree including the
bronchi and bronchioli and the terminal and respiratory bronchioles, and the alveoli, where the
bacteria may be present. It is appreciated that Pseudomonas aeruginosa bacterium or other

susceptible bacteria that reside in patients with cystic fibrosis may be located in the terminal
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and respiratory bronchioles. It is further appreciated that during exacerbation of infection,
bacteria can also be present in alveoli.

In another embodiment, the formulation or composition is a dry powder
comprising a compound described herein. In one aspect, the dry powder is dispersed into an
inhalable configuration that comprises or consists essentially of particles having a MMAD of
about 5 um or less, or in the range from about 1 to about 5 pm, or in the range from about 2 to
about 5 um, or in the range from about 3 to about 5 um.

Dry powder formulations may be prepared using any conventional process,
including but not limited to milling, including media milling, jet milling, and the like,
lyophilizing, spray drying, precipitating into a fine powder, and the like.

Mlustratively, spray drying is accomplished by suspending the compounds
described herein in water, stirring and cooling. The solution is optionally purified using a
charcoal and filtered. Subsequently, the solution is spray dried using any suitable spay-drying
equipment, such as, for example Buchi Mini Spray Dryer B-191.

Particle size determinations may be made using a multi-stage cascade impactor
or other suitable method. Illustratively, the Thermo Andersen Eight Stage Non-Viable Cascade
Impactor is specifically cited within the US Pharmacopoeia Chapter 601 as a characterizing
device for aerosols within metered-dose and dry powder inhalers. The Eight Stage Cascade
Impactor utilizes eight jet stages enabling classification of aerosols from 9.0 micrometers to 0.4
micrometers (at 28.3 L/min) and allows airborne particulate to impact upon stainless steel
impaction surfaces or a variety of filtration media substrates. A final filter collects all particles
smaller than 0.4.

Mlustratively, media milling is accomplished by placing the compounds
described herein into a mill containing, for example, stainless steel or ceramic balls and rotating
or tumbling the material until the desired drug particle size ranges are achieved. It is
appreciated that the advantages of media milling may include good size control, narrow product
size ranges, high efficiencies of recovery, and readily scalable processes.

Mlustratively, jet milling uses very high pressure air streams to collide particles
with one another, with fine particles of the desired size being recovered from the mill. It is
appreciated that the advantages of jet milling may include rapidity of the manufacturing process
and less energy transfer during milling, resulting in less temperature rise during the drug
production. The jet milling process is generally completed in seconds to minutes.

Mlustratively, precipitation and/or crystallization is accomplished by adding a co-
solvent to a solution of one or more compounds described herein that decreases the solubility of

compounds to a uniform drug solution results in solute precipitation and/or crystallization.
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When sufficient co-solvent is added, the solubility of the compounds fall to the point where
solid drug particles are formed which can be collected by filtration or centrifugation. It is
appreciated that precipitation and/or crystallization may have the advantage of being highly
reproducible, having a high yield of recovery and being able to be performed under low
temperature conditions, which reduce degradation.

In another embodiment, the nebulization rate of the aerosolizable formulations is
at least about 1 pL/sec, at least about 2 pL/sec, at least about 3 uL/sec, at least about 4 uL/sec,
or at least about 5 pL/sec

In another embodiment, the delivered unit dose is about 5 mL, about 4.5 mL,
about 4 mL, about 3.75 mL, or about 3.5 mL. It is to be understood that the packaging may
include more material, but it is configured so that the delivered dose is a predetermined portion
thereof.

Mlustrative nebulizers capable of providing aerosols of the formulations
described herein include atomizing, jet, electronic, and ultrasonic nebulizers, pressurized,
vibrating porous plate or equivalent nebulizers or by dry powder inhalers which predominantly
produce aerosols or dry powder particles between 1 and 5 um. It is appreciated that such
particle sizes are desirable for efficacious delivery of compounds described herein into the
endobronchial space to treat bacterial infections. The compositions and formulations are
delivered by aerosolization using a nebulizer capable of producing a particle, where the
majority of the particles have an average diameter of about 5 um or less, or in the range from
about 1 to about 5 um.

[lustrative nebulizers include dry powder inhalers, metered dose inhalers,
micronebulizers, ultrasonic nebulizers, and jet nebulizers, including standard and breath-
enhanced (ultrasonic nebulizer (Ultraneb 100/99; Sunrise Medical HHG; Somerset, PA)
specific nebulizer (Pari LC Plus Jet Nebulizer; Pari; Midlothian, VA) and compressor (Pulmo-
Aide; Sunrise Medical HHG).

Mlustrative jet nebulizers, including breath enhanced jet nebulizers, are
SIDESTREAM, PARI LC, PARI LC PLUS (Pari Respiratory Equipment, Richmond, Va), and
the like.

[lustrative ultrasonic nebulizers include AEROSONIC (from DeVilbiss),
ULTRAAIRE (from Omron), and the like.

In another embodiment, the formulation is administered on a daily dosing
schedule, including but not limited to q.d., b.i.d., t.i.d., q 8h, and the like. In one embodiment,

the daily dosing schedule is 1 to 4 times daily, t.i.d., q 8h, or b.i.d. In another embodiment, the
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daily dosing schedule is t.i.d. during awake hours, such as t.i.d. at 7 hour intervals or t.i.d. at 6
hour intervals.

In another embodiment, the compounds described herein are co-administered
with an aminoglycoside, where the compounds described herein are dosed in the alternative of
the aminoglycoside, such as during the 28 day mandatory off period for tobramycin dosing per
manufacturer labeling required to prevent permanent tobramycin resistance.

In another embodiment, the formulation is contained in a five-milliliter plastic
vial, such as low-density polyethylene (LDPE) vial. The vials may be aseptically filled using a
blow-fill-seal process. Additional alternative illustrative packages are described in U.S. Pat.
Nos. 5,409,125, 5,379,898, 5,213,860, 5,046,627, 4,995,519, 4,979,630, 4,951,822, 4,502,616
and 3,993,223, the disclosures of which are incorporated herein by this reference. The unit dose
containers may be designed to be inserted directly into a particular device adapted to allow
inhalation of the compound. Illustratively, the vials are sealed in foil over-pouches, six per
over-pouch.

[lustrative parenteral doses of the macrolides are described in U.S. Patent
Application Serial No. 61/312417, the disclosure of which is incorporated herein by reference.

In another embodiment, the macrolides described herein are co-administered
with one or more other antibiotics, such as one or more other aminoglycosides, one or more
other fluoroquinolones, aztreonam, and/or fosfomycin. In one variation, such co-administration
may be performed without antagonism of the action of the aminoglycosides. In one aspect, the
macrolides are administered at a dose lower than that capable of antagonizing or significantly
antagonizing the efficacy of the aminoglycoside. In another variation, such co-administration
may be performed to synergize the activity of another antibiotic, such as an aminoglycoside, a
fluoroquinolone, aztreonam, and/or fosfomycin.

Antibiotic aminoglycosides, such as tobramycin, have been an important
addition to the available therapies for treating pseudomonal infections. Pseudomonas
aeruginosa grows in the endobronchial space and is found in the sputum of patients suffering
from or in need of relief from pathogenic bacterial infections. During exacerbations of
infection, Pseudomonas aeruginosa growth may also occur in the alveoli of patients. Illustrative
diseases caused by pathogenic endobronchial Pseudomonas aeruginosa include cystic fibrosis.

In another illustrative embodiment, methods for treating cystic fibrosis (CF) are
described herein. In one aspect, the methods include the step of administering one or more
macrolides described herein. In one variation, the methods also include the step of
administering one or more aminoglycosides. In another variation, the methods also include the

step of administering one or more fluoroquinolones. In another variation, the methods also
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include the step of administering aztreonam. In another variation, the methods also include the
step of administering fosfomycin. In one variation of any of the foregoing methods, the method
includes the step of administering the fluoroquinolones, such as levofloxacin, aminoglycoside
antibiotics, such as tobramycin, aztreonam, and/or fosfomycin by inhalation.

[lustrative aminoglycosides include, but are not limited to, amikacin,
apramycin, arbekacin, astromicin, bekanamycin, dibekacin, framycetin, gentamicin,
hygromycin B, isepamicin, kanamycin, neomycin, netilmicin, paromomycin, paromomycin
sulfate, rhodostreptomycin, ribostamycin, sisomicin, spectinomycin, streptomycin, tobramycin,
verdamicin, and combinations thereof.

In another embodiment, the aminoglycoside is selected from gentamycin,
amikacin, kanamycin, streptomycin, neomycin, netilmicin and tobramycin, and combinations
thereof.

[lustrative dosing regimens and protocols for aminoglycoside antibiotics that
may be used in the methods described herein, are described in US Patent Nos. 5508269,
6083922, and 6890907, the disclosures of which are incorporated herein by reference. In one
variation, the method includes the step of administering the aminoglycoside antibiotic, such as
tobramycin, by inhalation.

Any conventional dosage unit, formulation, and/or method of administering
aminoglycosides may be used herein, such as the dosage units, formulations, and/or methods of
administering tobramycin as described in U.S. Patent Nos. 5508269, 6890907, 6083922, and
7696178, the disclosures of which are incorporated herein by reference.

[lustrative fluoroquinolone antibiotics include, but are not limited to oxolinic
acid (Uroxin), piromidic acid (Panacid), pipemidic acid (Dolcol), rosoxacin (Eradacil),
ciprofloxacin (Ciprobay, Cipro, Ciproxin), lomefloxacin (Maxaquin), nadifloxacin (Acuatim,
Nadoxin, Nadixa), norfloxacin (Lexinor, Noroxin, Quinabic, Janacin), ofloxacin (Floxin,
Oxaldin, Tarivid), pefloxacin (Peflacine), rufloxacin (Uroflox), balofloxacin (Baloxin),
levofloxacin (Cravit, Levaquin), moxifloxacin (Avelox,Vigamox, pazufloxacin (Pasil,
Pazucross), sparfloxacin (Zagam), tosufloxacin (Ozex, Tosacin), clinafloxacin, gemifloxacin
(Factive), sitafloxacin (Gracevit), prulifloxacin (Quisnon), delafloxacin, and combinations
thereof.

Any conventional dosage unit, formulation, and/or method of administering
fluoroquinolone antibiotics may be used herein.

Any conventional dose, formulation, and/or method of administering aztreonam

may be used herein, such as the dosage units, formulations, and/or methods of administering
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aztreonam as described in U.S. Pat. Nos. 6660249 and 7214364, the disclosures of which are
incorporated herein by reference.

In another embodiment, one or more macrolides described herein are
administered in a suppression therapy protocol. In another embodiment, one or more
macrolides described herein are administered in an adjunct therapy protocol for an acute
exacerbation of the pulmonary disease, such as CF. In another embodiment, the protocol is
capable of preventing or delaying chronic P. aeruginosa infection and/or colonization.

In another embodiment, one or more macrolides described herein, such as CEM-
101, are co-administered with tobramycin.

In another embodiment, one or more macrolides described herein, such as CEM-
101, are co-administered with levofloxacin.

In another embodiment, one or more macrolides described herein, such as CEM-
101, are co-administered with aztreonam.

In another embodiment, CEM-101 is co-administered with tobramycin, where
the CEM-101 is administered orally and the tobramycin is administered by inhalation. In
another embodiment, CEM-101 is co-administered with aztreonam, where the CEM-101 is
administered orally and the aztreonam is administered by inhalation. In another embodiment,
CEM-101 is co-administered with tobramycin, where the CEM-101 is administered by
inhalation and the tobramycin is administered by inhalation. In another embodiment, CEM-101
is co-administered with aztreonam, where the CEM-101 is administered by inhalation and the
aztreonam is administered by inhalation. In one variation, the co-administration follows a
protocol where the tobramycin or a aztreonam is administered during a first period of
administration, for example days 1-28, and the CEM-101 is administered during a second
period, for example days 29-56. The alternate periods may be repeated.

In another embodiment, illustrative daily oral doses of the macrolides described
herein, such as CEM-101, are in the range from about 1 to about 25 mg/kg, about 1 to about 10
mg/kg, about 2 to about 8 mg/ kg, or about 4 to about 6 mg/kg of patient body weight. In
another embodiment, illustrative daily adult human oral doses of the macrolides described
herein, such as CEM-101, are in the range from about 100 to about 1,000 mg, about 200 to
about 800 mg, or about 400 to about 600 mg. In another embodiment, the daily dose is single
or divided and may be administered qd, bid, tid, and the like.

It is understood that dosing is desirably performed to achieve sputum
concentrations at least about 10 times the MIC for one or more of the target organisms of the
infection or disease. Without being bound by theory, it is believed that such illustrative dosages

are sufficient to achieve lung levels of about 1 pg/mL or greater, about 2 pg/mL or greater,
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about 4 pg/mL or greater, or about 8 ng/mL or greater, which may in most cases correspond to
a concentration that is about 10 times the MIC or greater. Without being bound by theory, it is
also believed that such illustrative dosages be sufficient to observe bactericidal activity against
lung pathogens.

The term “therapeutically effective amount” as used herein, refers to that amount
of active compound or pharmaceutical agent that elicits the biological or medicinal response in
a tissue system, animal or human that is being sought by a researcher, veterinarian, medical
doctor or other clinician, which includes alleviation of the symptoms of the disease or disorder
being treated. In one aspect, the therapeutically effective amount is that which may treat or
alleviate the disease or symptoms of the disease at a reasonable benefit/risk ratio applicable to
any medical treatment. However, it is to be understood that the total daily usage of the
compounds and compositions described herein may be decided by the attending physician
within the scope of sound medical judgment. The specific therapeutically-effective dose level
for any particular patient will depend upon a variety of factors, including the disorder being
treated and the severity of the disorder; activity of the specific compound employed; the
specific composition employed; the age, body weight, general health, gender and diet of the
patient: the time of administration, route of administration, and rate of excretion of the specific
compound employed; the duration of the treatment; drugs used in combination or coincidentally
with the specific compound employed; and like factors well known to the researcher,
veterinarian, medical doctor or other clinician of ordinary skill.

As used herein, the term therapeutically effective amount as applied to
compositions, formulation, kits, methods, and the like, illustratively may include an amount that
achieves sputum concentration of the compounds at about 10X the MIC or greater for the target
organism.

It is appreciated that successful therapy may be monitored by any conventional
method or endpoint, including but not limited to the decrease in the decline of or the
improvement in forced expiratory volume (FEV), and/or forced vital capacity (FCV). It is
further appreciated that successful therapy may be monitored by the decrease or the decrease in
the growth of colony forming units (CFUs) of the target bacteria in sputum. It is further
appreciated that successful therapy may be monitored by a decrease in persisters of
Pseudomonas and/or Burkholderia species.

Mlustrative target pathogenic bacteria include, but are not limited to,
staphylococci, including coagulase-negative staphylococci and coagulase-positive
staphylococci, streptococci, including Group A beta hemolytic streptococci, non-Group A beta

hemolytic streptococci and viridans group streptococci, enterococci, Nesseria species,
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Clostridium species, Bordetella species, Bacillus species and Corynebacterium species. In
particular, the bacterial infection is an infection caused by bacteria selected from the group
consisting of Staphylococcus aureus (methicillin-resistant and -susceptible), Staphylococcus
epidermidis, Staphylococcus hemolyticus, Staphylococcus saprophyticus, Staphylococcus
lugdunensis, Staphylococcus capitis, Staphylococcus caprae, Staphylococcus saccharolyticus,
Staphylococcus simulans, Staphylococcus warneri, Staphylococcus hominis, Staphylococcus
intermedius, Staphylococcus pseudointermedius, Staphylococcus lyricus, Streptococcus
pyogenes, Streptococcus agalactiae, Streptococcus dysgalactiae subspecies dysgalactiae,
Streptococcus anginosus, Streptococcus mitis, Streptococcus salivarius, Streptococcus bovis,
Streptococcus mutans, Pseudomonas aeruginosa, Neisseria gonorrhoeae, Neisseria
meningitidis, Bacillus anthracis, Bordetella pertussis, Burkholderia cepacia, Clostridium
difficile, Enterococcus faecalis, Enterococcus faecium and Corynebacterium diphtheriae. In
particular aspects, the bacterial infection is an infection caused by Staphylococcus aureus

(methicillin-resistant or -susceptible

In another illustrative embodiment, the macrolides described herein are of the

formula

and pharmaceutically acceptable salts, hydrates, solvates, esters, and prodrugs thereof, wherein:
X is H; and Y is OR7; where R7 is a monosaccharide or disaccharide, or a
derivative thereof; or X and Y are taken together with the attached carbon to form carbonyl;
Z.is a monosaccharide or disaccharide, or a derivative thereof;
V is C(O), or C(=NRy;), wherein R;; is hydroxy or alkoxys;
Wis H, F, Cl, Br, I, or OH;
A is CH,, C(0O), C(O)0O, C(O)NH, S(0O),, S(O):NH, or C(O)NHS(O)»;
B is (CH»), where n is an integer in the range from 0 to about 10, or B is C,-Cjo

alkenyl or alkynyl; and
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C is cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl,
each of which is optionally substituted.

In another embodiment, X and Y are taken together with the attached carbon to
form carbonyl. In another embodiment, Z is a monosaccharide or a derivative thereof. In
another embodiment, Z is an amino-containing monosaccharide, such as an amino glucose or a
derivative, analog, or stereoisomer thereof, including but not limited to desosamines and
derivatives thereof, mycaminose and derivatives thereof, vancosamine and derivatives thereof,
L-vancosamine, 3-desmethyl-vancosamine, 3-epi-vancosamine, 4-epi-vancosamine, acosamine,
3-amino-glucose, 4-deoxy-3-amino-glucose, actinosamine, daunosamine, 3-epi-daunosamine,
ristosamine, N-methyl-D-glucamine, and the like. In another embodiment, Z is a desosamine or
a derivative thereof. In another embodiment, Z is a mycaminose or a derivative thereof. In
another embodiment, Z is a desosamine. In another embodiment, Z is a mycaminose. In
another embodiment, V is C(O). In another embodiment, W is H or F. In another embodiment,
W is F. In another embodiment, A is CH,. In another embodiment, B is (CH,), where n is an
integer in the range from about 2 to about 4. In another embodiment, B is (CH,);. In another
embodiment, C is optionally substituted aryl. In another embodiment, C is amino substituted
aryl.

It is to be understood that each of the foregoing selections of X, Y, Z, W, A, B,
and n may be combined without limitation, and therefore, such subgenera of compounds are
specifically described herein. For example, in another embodiment, X and Y are taken together
with the attached carbon to form carbonyl, and Z is a monosaccharide or a derivative thereof; or
X and Y are taken together with the attached carbon to form carbonyl, and V is C(O); or X and
Y are taken together with the attached carbon to form carbonyl, W is F, and A is CH,; or Z is a
desosamine or a derivative thereof, V is C(O), A is CH,, and B is (CH;), where n is an integer
in the range from about 2 to about 4; and the like.

In another embodiment, the macrolide described herein is of the formula
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H,N N

NMe,

also known as CEM-101 or solithromycin, or a pharmaceutically acceptable salt, hydrate,
solvate, ester, or prodrug thereof.

The macrolides described herein may be prepared as described herein, or
according to US Patent Application Publication No. 2006/0100164 and in PCT International
Publication No. WO 2009/055557, the disclosures of which are incorporated herein by
reference in their entirety.

As used herein, the term “alkyl” includes a chain of carbon atoms, which is
optionally branched. As used herein, the term “alkenyl” and “alkynyl” includes a chain of
carbon atoms, which is optionally branched, and includes at least one double bond or triple
bond, respectively. It is to be understood that alkynyl may also include one or more double
bonds. It is to be further understood that in certain embodiments, alkyl is advantageously of
limited length, including C;-Ca4, C1-Ci2, C1-Cs, C1-Cs, and C1-Cy. It is to be further understood
that in certain embodiments alkenyl and/or alkynyl may each be advantageously of limited
length, including C,-Cyy4, C5-Cy5, C5-Cs, C5-Cg, and C,-Cy4. It is appreciated herein that shorter
alkyl, alkenyl, and/or alkynyl groups may add less lipophilicity to the compound and
accordingly will have different pharmacokinetic behavior. Illustrative alkyl groups are, but not
limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 2-
pentyl, 3-pentyl, neopentyl, hexyl, heptyl, octyl and the like.

As used herein, the term “cycloalkyl” includes a chain of carbon atoms, which is
optionally branched, where at least a portion of the chain in cyclic. It is to be understood that
cycloalkylalkyl is a subset of cycloalkyl. It is to be understood that cycloalkyl may be
polycyclic. Illustrative cycloalkyl include, but are not limited to, cyclopropyl, cyclopentyl,
cyclohexyl, 2-methylcyclopropyl, cyclopentyleth-2-yl, adamantyl, and the like. As used herein,
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the term “cycloalkenyl” includes a chain of carbon atoms, which is optionally branched, and
includes at least one double bond, where at least a portion of the chain in cyclic. Itis to be
understood that the one or more double bonds may be in the cyclic portion of cycloalkenyl
and/or the non-cyclic portion of cycloalkenyl. It is to be understood that cycloalkenylalkyl and
cycloalkylalkenyl are each subsets of cycloalkenyl. It is to be understood that cycloalkyl may
be polycyclic. Illustrative cycloalkenyl include, but are not limited to, cyclopentenyl,
cyclohexylethen-2-yl, cycloheptenylpropenyl, and the like. It is to be further understood that
chain forming cycloalkyl and/or cycloalkenyl is advantageously of limited length, including Cs-
Ca4, C3-Cya, C3-Cs, C3-Cs, and Cs-Cs. It is appreciated herein that shorter alkyl and/or alkenyl
chains forming cycloalkyl and/or cycloalkenyl, respectively, may add less lipophilicity to the
compound and accordingly will have different pharmacokinetic behavior.

As used herein, the term “heteroalkyl” includes a chain of atoms that includes
both carbon and at least one heteroatom, and is optionally branched. Illustrative heteroatoms
include nitrogen, oxygen, and sulfur. In certain variations, illustrative heteroatoms also include
phosphorus, and selenium. As used herein, the term “cycloheteroalkyl” including heterocyclyl
and heterocycle, includes a chain of atoms that includes both carbon and at least one
heteroatom, such as heteroalkyl, and is optionally branched, where at least a portion of the
chain is cyclic. Illustrative heteroatoms include nitrogen, oxygen, and sulfur. In certain
variations, illustrative heteroatoms also include phosphorus, and selenium. Illustrative
cycloheteroalkyl include, but are not limited to, tetrahydrofuryl, pyrrolidinyl, tetrahydropyranyl,
piperidinyl, morpholinyl, piperazinyl, homopiperazinyl, quinuclidinyl, and the like.

As used herein, the term “aryl” includes monocyclic and polycyclic aromatic
groups, including aromatic carbocyclic and aromatic heterocyclic groups, each of which may be
optionally substituted. As used herein, the term “carbaryl” includes aromatic carbocyclic
groups, each of which may be optionally substituted. Illustrative aromatic carbocyclic groups
described herein include, but are not limited to, phenyl, naphthyl, and the like. As used herein,
the term “heteroaryl” includes aromatic heterocyclic groups, each of which may be optionally
substituted. Illustrative aromatic heterocyclic groups include, but are not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, triazinyl, tetrazinyl, quinolinyl, quinazolinyl, quinoxalinyl, thienyl,
pyrazolyl, imidazolyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl,
triazolyl, benzimidazolyl, benzoxazolyl, benzthiazolyl, benzisoxazolyl, benzisothiazolyl, and
the like.

As used herein, the term “amino” includes the group NH,, alkylamino, and
dialkylamino, where the two alkyl groups in dialkylamino may be the same or different, i.e.

alkylalkylamino. Illustratively, amino includes methylamino, ethylamino, dimethylamino,
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methylethylamino, and the like. In addition, it is to be understood that when amino modifies or
is modified by another term, such as aminoalkyl, or acylamino, the above variations of the term
amino are included therein. Illustratively, aminoalkyl includes H,N-alkyl, methylaminoalkyl,
ethylaminoalkyl, dimethylaminoalkyl, methylethylaminoalkyl, and the like. Illustratively,
acylamino includes acylmethylamino, acylethylamino, and the like.

As used herein, the term “amino and derivatives thereof”” includes amino as
described herein, and alkylamino, alkenylamino, alkynylamino, heteroalkylamino,
heteroalkenylamino, heteroalkynylamino, cycloalkylamino, cycloalkenylamino,
cycloheteroalkylamino, cycloheteroalkenylamino, arylamino, arylalkylamino,
arylalkenylamino, arylalkynylamino, acylamino, and the like, each of which is optionally
substituted. The term “amino derivative” also includes urea, carbamate, and the like.

The term "optionally substituted" as used herein includes the replacement of
hydrogen atoms with other functional groups on the radical that is optionally substituted. Such
other functional groups illustratively include, but are not limited to, amino, hydroxyl, halo,
thiol, alkyl, haloalkyl, heteroalkyl, aryl, arylalkyl, arylheteroalkyl, nitro, sulfonic acids and
derivatives thereof, carboxylic acids and derivatives thereof, and the like. Illustratively, any of
amino, hydroxyl, thiol, alkyl, haloalkyl, heteroalkyl, aryl, arylalkyl, arylheteroalkyl, and/or
sulfonic acid is optionally substituted.

As used herein, the term "optionally substituted aryl" includes the replacement
of hydrogen atoms with other functional groups on the aryl that is optionally substituted. Such
other functional groups illustratively include, but are not limited to, amino, hydroxyl, halo,
thiol, alkyl, haloalkyl, heteroalkyl, aryl, arylalkyl, arylheteroalkyl, nitro, sulfonic acids and
derivatives thereof, carboxylic acids and derivatives thereof, and the like. Illustratively, any of
amino, hydroxyl, thiol, alkyl, haloalkyl, heteroalkyl, aryl, arylalkyl, arylheteroalkyl, and/or
sulfonic acid is optionally substituted.

Illustrative substituents include, but are not limited to, a radical —(CHZ)XZX,
where x is an integer from 0-6 and Z* is selected from halogen, hydroxy, alkanoyloxy,
including C;-Cs alkanoyloxy, optionally substituted aroyloxy, alkyl, including C;-Cs alkyl,
alkoxy, including C;-Cg¢ alkoxy, cycloalkyl, including C;s-Cg cycloalkyl, cycloalkoxy, including
C5-Cs cycloalkoxy, alkenyl, including C,-Cg alkenyl, alkynyl, including C,-Cs alkynyl,
haloalkyl, including C;-C¢ haloalkyl, haloalkoxy, including C;-Cg haloalkoxy, halocycloalkyl,
including Cs-Cs halocycloalkyl, halocycloalkoxy, including C3-Cg halocycloalkoxy, amino, C;-
Cs alkylamino, (C;-Cs alkyl)(C;-Ce alkyl)amino, alkylcarbonylamino, N-(C;-Ce
alkyl)alkylcarbonylamino, aminoalkyl, C;-Cg alkylaminoalkyl, (C;-Cg alkyl)(C;-Ce
alkyl)aminoalkyl, alkylcarbonylaminoalkyl, N-(C;-Cs¢ alkyl)alkylcarbonylaminoalkyl, cyano,
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and nitro; or 7% is selected from —C02R4 and —CONR5R6, where R4, RS, and R® are each
independently selected in each occurrence from hydrogen, C;-Cg alkyl, and aryl-C;-Cg alkyl.

The compounds described herein may contain one or more chiral centers, or may
otherwise be capable of existing as multiple stereoisomers. It is to be understood that in one
embodiment, the invention described herein is not limited to any particular stereochemical
requirement, and that the compounds, and compositions, methods, uses, and medicaments that
include them may be optically pure, or may be any of a variety of stereoisomeric mixtures,
including racemic and other mixtures of enantiomers, other mixtures of diastereomers, and the
like. It is also to be understood that such mixtures of stereoisomers may include a single
stereochemical configuration at one or more chiral centers, while including mixtures of
stereochemical configuration at one or more other chiral centers.

Similarly, the compounds described herein may be include geometric centers,
such as cis, trans, E, and Z double bonds. It is to be understood that in another embodiment, the
invention described herein is not limited to any particular geometric isomer requirement, and
that the compounds, and compositions, methods, uses, and medicaments that include them may
be pure, or may be any of a variety of geometric isomer mixtures. It is also to be understood
that such mixtures of geometric isomers may include a single configuration at one or more
double bonds, while including mixtures of geometry at one or more other double bonds.

As used herein, the term “composition” generally refers to any product
comprising the specified ingredients in the specified amounts, as well as any product which
results, directly or indirectly, from combinations of the specified ingredients in the specified
amounts. It is to be understood that the compositions described herein may be prepared from
isolated compounds described herein or from salts, solutions, hydrates, solvates, and other
forms of the compounds described herein. It is also to be understood that the compositions may
be prepared from various amorphous, non-amorphous, partially crystalline, crystalline, and/or
other morphological forms of the compounds described herein. It is also to be understood that
the compositions may be prepared from various hydrates and/or solvates of the compounds
described herein. Accordingly, such pharmaceutical compositions that recite compounds
described herein are to be understood to include each of, or any combination of, the various
morphological forms and/or solvate or hydrate forms of the compounds described herein.
Mlustratively, compositions may include one or more carriers, diluents, and/or excipients. The
compounds described herein, or compositions containing them, may be formulated in a
therapeutically effective amount in any conventional dosage forms appropriate for the methods
described herein. The compounds described herein, or compositions containing them, including

such formulations, may be administered by a wide variety of conventional routes for the

-27 -



10

15

20

25

30

35

WO 2014/152326 PCT/US2014/027214
methods described herein, and in a wide variety of dosage formats, utilizing known procedures
(see generally, Remington: The Science and Practice of Pharmacy, (21 ed., 2005)).

The term “prodrug” as used herein generally refers to any compound that when
administered to a biological system generates a biologically active compound as a result of one
or more spontaneous chemical reaction(s), enzyme-catalyzed chemical reaction(s), and/or
metabolic chemical reaction(s), or a combination thereof. In vivo, the prodrug is typically acted
upon by an enzyme (such as esterases, amidases, phosphatases, and the like), simple biological
chemistry, or other process in vivo to liberate or regenerate the more pharmacologically active
drug. This activation may occur through the action of an endogenous host enzyme or a non-
endogenous enzyme that is administered to the host preceding, following, or during
administration of the prodrug. Additional details of prodrug use are described in U.S. Pat. No.
5,627,165; and Pathalk et al., Enzymic protecting group techniques in organic synthesis,
Stereosel. Biocatal. 775-797 (2000). It is appreciated that the prodrug is advantageously
converted to the original drug as soon as the goal, such as targeted delivery, safety, stability,
and the like is achieved, followed by the subsequent rapid elimination of the released remains
of the group forming the prodrug.

Prodrugs may be prepared from the compounds described herein by attaching
groups that ultimately cleave in vivo to one or more functional groups present on the
compound, such as -OH-, -SH, -CO,H, -NR,. lllustrative prodrugs include but are not limited to
carboxylate esters where the group is alkyl, aryl, aralkyl, acyloxyalkyl, alkoxycarbonyloxyalkyl
as well as esters of hydroxyl, thiol and amines where the group attached is an acyl group, an
alkoxycarbonyl, aminocarbonyl, phosphate or sulfate. [llustrative esters, also referred to as
active esters, include but are not limited to 1-indanyl, N-oxysuccinimide; acyloxyalkyl groups
such as acetoxymethyl, pivaloyloxymethyl, B-acetoxyethyl, B-pivaloyloxyethyl,
I-(cyclohexylcarbonyloxy)prop-1-yl, (1 -aminoethyl)carbonyloxymethyl, and the like;
alkoxycarbonyloxyalkyl groups, such as ethoxycarbonyloxymethyl, a-ethoxycarbonyloxyethyl,
B-ethoxycarbonyloxyethyl, and the like; dialkylaminoalkyl groups, including di-lower
alkylamino alkyl groups, such as dimethylaminomethyl, dimethylaminoethyl,
diethylaminomethyl, diethylaminoethyl, and the like; 2-(alkoxycarbonyl)-2-alkenyl groups such
as 2-(isobutoxycarbonyl) pent-2-enyl, 2-(ethoxycarbonyl)but-2-enyl, and the like; and lactone
groups such as phthalidyl, dimethoxyphthalidyl, and the like.

Further illustrative prodrugs contain a chemical moiety, such as an amide or
phosphorus group functioning to increase solubility and/or stability of the compounds described
herein. Further illustrative prodrugs for amino groups include, but are not limited to, (Cs-

Cyp)alkanoyl; halo-(C5-Cyg)alkanoyl; (C3-Cyg)alkenoyl; (C4-Cr)cycloalkanoyl; (C3-Ce)-
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cycloalkyl(C,-Cje)alkanoyl; optionally substituted aroyl, such as unsubstituted aroyl or aroyl
substituted by 1 to 3 substituents selected from the group consisting of halogen, cyano,
trifluoromethanesulphonyloxy, (C;-Cs)alkyl and (C;-Cs)alkoxy, each of which is optionally
further substituted with one or more of 1 to 3 halogen atoms; optionally substituted aryl(C;-
Cie)alkanoyl, such as the aryl radical being unsubstituted or substituted by 1 to 3 substituents
selected from the group consisting of halogen, (C;-Cs)alkyl and (C;-Cs)alkoxy, each of which is
optionally further substituted with 1 to 3 halogen atoms; and optionally substituted
heteroarylalkanoyl having one to three heteroatoms selected from O, S and N in the heteroaryl
moiety and 2 to 10 carbon atoms in the alkanoyl moiety, such as the heteroaryl radical being
unsubstituted or substituted by 1 to 3 substituents selected from the group consisting of
halogen, cyano, trifluoromethanesulphonyloxy, (C;-Cs)alkyl, and (C;-Cs)alkoxy, each of which
is optionally further substituted with 1 to 3 halogen atoms. The groups illustrated are
exemplary, not exhaustive, and may be prepared by conventional processes.

It is understood that the prodrugs themselves may not possess significant
biological activity, but instead undergo one or more spontaneous chemical reaction(s), enzyme-
catalyzed chemical reaction(s), and/or metabolic chemical reaction(s), or a combination thereof
after administration in vivo to produce the compound described herein that is biologically
active or is a precursor of the biologically active compound. However, it is appreciated that in
some cases, the prodrug is biologically active. It is also appreciated that prodrugs may often
serves to improve drug efficacy or safety through improved oral bioavailability,
pharmacodynamic half-life, and the like. Prodrugs also refer to derivatives of the compounds
described herein that include groups that simply mask undesirable drug properties or improve
drug delivery. For example, one or more compounds described herein may exhibit an
undesirable property that is advantageously blocked or minimized may become
pharmacological, pharmaceutical, or pharmacokinetic barriers in clinical drug application, such
as low oral drug absorption, lack of site specificity, chemical instability, toxicity, and poor
patient acceptance (bad taste, odor, pain at injection site, and the like), and others. It is
appreciated herein that a prodrug, or other strategy using reversible derivatives, can be useful in
the optimization of the clinical application of a drug.

It is to be understood that in the methods described herein, the individual
components of a co-administration, or combination can be administered by any suitable means,
contemporaneously, simultaneously, sequentially, separately or in a single pharmaceutical
formulation. Where the co-administered compounds or compositions are administered in
separate dosage forms, the number of dosages administered per day for each compound may be

the same or different. The compounds or compositions may be administered via the same or
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different routes of administration. The compounds or compositions may be administered
according to simultaneous or alternating regimens, at the same or different times during the
course of the therapy, concurrently in divided or single forms.

[lustrative routes of oral administration include tablets, capsules, elixirs, syrups,
and the like.

[lustrative routes for parenteral administration include intravenous, intraarterial,
intraperitoneal, epidurial, intraurethral, intrasternal, intramuscular and subcutaneous, as well as
any other art recognized route of parenteral administration. Illustrative means of parenteral
administration include needle (including microneedle) injectors, needle-free injectors and
infusion techniques, as well as any other means of parenteral administration recognized in the
art. Parenteral formulations are typically aqueous solutions which may contain excipients such
as salts, carbohydrates and buffering agents (preferably at a pH in the range from about 3 to
about 9), but, for some applications, they may be more suitably formulated as a sterile non-
aqueous solution or as a dried form to be used in conjunction with a suitable vehicle such as
sterile, pyrogen-free water. The preparation of parenteral formulations under sterile conditions,
for example, by lyophilization, may readily be accomplished using standard pharmaceutical
techniques well known to those skilled in the art. Parenteral administration of a compound is
illustratively performed in the form of saline solutions or with the compound incorporated into
liposomes. In cases where the compound in itself is not sufficiently soluble to be dissolved, a
solubilizer such as ethanol can be applied.

EXAMPLES

EXAMPLE. Inhalable formulation. The compounds described herein, such as
CEM-101, are formulated in conventional dry powder or solution formulations. The
compounds may be optionally formulated as pharmaceutically acceptable salts. The dry
powder formulations are administered using a passive dry powder inhaler. The solution
formulations are administered using a pressured metered dose inhaler, a nebulizer, or similar
device. Illustrative dry powder formulations include, but are not limited to, Pulmosphere (PS)
formulations (Inhale Therapeutic Systems, San Carlos, CA), and the like. PS formulations are
prepared according to Dellamary et al., Hollow porous particles in metered dose inhalers,
Pharm Res 17:168-174 (2000). The disclosure of the foregoing publication, and each additional
publication cited herein, are each incorporated herein by reference.

EXAMPLE. Preparation of pseudomonal alginate. P. aeruginosa, such as
NH57388A, is cultured in 50 mL Mueller-hinton broth (MHB) for 24 to 28 h at 37°C with
shaking (170 rpm). The bacterial cells are harvested by centrifugation (23,000 x g, 30 min, 4°C)
and resuspended in 3 to 6 mL of MHB. The supernatant is collected and placed in an 80°C
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water bath for 30 min. Alginate is precipitated by adding the supernatant to 150 mL of ice-cold
99% ethanol. The precipitated alginate is collected with a sterile bacterial loop and washed
several times in sterile saline. The purified alginate is then resuspended in 10 mL of sterile
saline and stirred vigorously to form a homogeneous suspension. The alginate concentration is
measured and adjusted to a concentration of 2 to 3 mg/mL.

EXAMPLE. Model of acute mouse lung infection. P. aeruginosa, such as ATCC
27853, is grown overnight in MHB at 35°C. The bacterial suspensions re adjusted to ca. 1 x 10°
to 6 x 10° CFU/mL by correlation of the absorbance at 600 nm with predetermined plate counts.
Female Swiss mice are made neutropenic by the i.p. injection of 150 mg/kg cyclophosphamide
(Baxter, Deerfield, IL) on days 1 and 3. On day 4, the mice are infected by the intratracheal
instillation of 0.05 mL of inoculum with a curved oral gavage tip attached to a I-mL syringe.
Antibiotic treatments are started at 24 h postinfection and are administered once or twice daily
(BID) for 24 or 48 h. Antibiotics are aerosolized with a microspray aerosol device. All
infections and aerosol treatments are performed while the mice are under isoflurane anesthesia
(5% isoflurane in oxygen running at 4 L/min). An untreated group of mice (n = 8) is killed prior
to the initiation of treatment to determine baseline bacterial counts. At 12 to 16 h following
administration of the last antibiotic dose, the treated animals (n = 8) are killed by carbon
dioxide asphyxiation. The lungs are removed aseptically and homogenized (Pro200
homogenizer; Pro Scientific, Monroe, CT) in 1 mL of sterile saline. Serial 10-fold dilutions of
the homogenized lung are plated on Mueller-Hinton agar, and the colonies are counted. For the
survival studies, mice (n = 10) are observed for 7 days after the end of treatment or for a total of
9 days postinfection.

EXAMPLE. Model of chronic mouse lung infection. P. aeruginosa, such as
NHS57388A, is cultured in 50 mL. MHB for 24 to 28 h at 37°C with shaking (170 rpm). The
bacterial cells are harvested by centrifugation (23,000 x g, 30 min, 4°C) and resuspended in 3 to
6 mL of MHB. The bacterial suspension is diluted (1:10) in the alginate suspension to yield
about 10® CFU/mL. The initial establishment of infection is achieved by the establishment of a
transient neutropenia by administration of a single 150-mg/kg i.p. dose of cyclophosphamide 4
days prior to infection. On day 4, the mice are infected by use of a curved bead-tipped oral
gavage attached to a 1-mL syringe while the mice are under isoflurane anesthesia. Antibiotic
treatments are started at 24 h postinfection and are administered BID for three consecutive days.
Various concentrations of antibiotics are used, and they are administered either by an oral, i.p.,
or aerosol route with a microspray device. At 12 to 16 h following the last treatment, the mice

are killed, and the colony counts in the lung are determined as described herein.
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Statistical analysis. Survival and lung bacterial counts are analyzed by the log-
rank test and the Mann-Whitney U test (GraphPad Prism, version 4.03), respectively. A P value
of <0.05 is considered statistically significant.

EXAMPLE. The compounds described herein are poor substrates of efflux
pumps expressed in P. aeruginosa (PA). MICs of 36 clinical and laboratory strains of PA with
known efflux phenotype are measured by microdilution in cation-adjusted Muller-Hinton broth
(CA-MHB) or in RPMI medium (commonly used in eukaryotic cell culture). Phe-Arg-f3-
naphthylamide (PapN, 50 mg/L) and EGTA 5SmM are used to inhibit efflux pumps and alter
OM integrity, respectively. P. aeruginosa strain ATCC PAOI is used as reference. PA12 is a
clinical strain overexpressing the 4 main efflux systems (MexAB, MexCD, MexEF, MexXY),
PA403 is a laboratory strain deleted in the genes coding for the 4 efflux systems. A series of
reference strains or of clinical isolates for which the expression of genes coding for efflux
pumps is known is also used for MICs determinations. MICs are measured by microdilution in
MH broth or in RPMI medium (used for eukaryotic cells culture) supplemented with 10% of
fetal calf serum, or in MH broth supplemented by increasing amounts of serum. EGTA (SmM)
was used as a chelating agent (disrupting outer membrane integrity) and PaN (50 mg/L) as an

unspecific efflux inhibitor. The results are shown in Table 1.
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Table 1.
Strains Effux expression ERY CLR AZM TEL CEM-101
; MHB RPMI | MHE RPMI| MHB RPMI| MHB RPMI| MHB RPMI

12 AB+CIOEF+ XY+ 512 32 512 16 256 2 128 4 128 4
434 AB+CD+XY+ B4R 128 512 128 512 4 128 4 128 &
83 AB+ EF+XY+ 512 84 512 32 256 2 128 4 64 4
207 AB+ EF+XY+ 512 128 512 64 512 4 128 4 32 4
48 CO+EFeXY+ 512 B84 512 84 258 2 128 8 128 4
4% CD+EF+XY+ g42 4 512 32 255 2 128 4 128 4
11 AB+CD+ 258 18 512 8 128 2 84 1 16 2
2668 AB+CD~+ 512 G4 512 G4 256 2 258 4 258 4
333A AB+ EF+ 542 B4 512 84 256 2 &4 2 28 Z
335 AB+ EF+ 512 84 52 84 512 4 128 4 128 2
18 AB+ XY+ 512 32 512 64 256 4 128 4 32 4
88 AB+ XY+ 512 64 512 54 258 2 128 4 64 4
1688 CD+ XY+ 5812 286 512 256 §12 4 256 4 128 4
133 EF+XY+ 842 64 512 84 258 4 128 4 64 4
158 EF+XY+ 512 18 512 3 812 128 2 G4 2
1 AB+ 512 8 512 32 128 4 128 4 128 Z
21 AB+ 842 84 512 84 258 2 64 2 128 4
2 D+ §42 256 512 128 512 4 258 16 2586 8
41 CD+ 512 64 512 64 256 2 258 4 258 4

3 EF+ 258 8 256 16 64 2 64 0.25 8
40 EF+ 256 32 256 18 256 2 84 2 32 4
4 XY+ 512 32 512 32 286 2 128 4 128 4
22 XY+ 512 32 512 32 256 2 128 2 &4 4
PAQ1 REFERENCE §132 32 §12 32 288 4 256 2 128 4
397 AB- 16 2 16 2 8 § 8 0.03 2 1
392 cD- 256 18 258 18 128 2 32 Q.5 16 4
388 CD- 16 4 32 4 ie 3 8 8.25 4 2
391 EF- 258 32 256 16 128 2 64 2 32 2
394 XY~ 512 32 512 32 286 4 84 1 32 4
400 XY- 18 4 18 4 2 8 0.28 1
385 Hi- 258 32 256 32 128 2 32 2 84 Z
396 ompH- 128 18 G4 16 G4 2 18 .25 8 2
401 ompH- 4 8 2 3 2 4 1 2 2
389 AB -~ EF - 16 4 16 4 18 2 4 8.25 8 1

403 AR ~CD ~ EF - XY ~ 18 4 18 4 2 2 4 0.5 3
405 AB -CD -~ EF - XY - 8 4 8 4 8 2 8 425 4 4

Table 2 shows the results obtained with PAO1 (wild-type), PA12
(overexpressing 4 efflux pumps), and PA403 (disrupted for genes coding for 5 efflux pumps).
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Table 2.
PAOLI (a) PA12 (b)
CA-MHB RPMI CA-MHB RPMI
CT | PABN | EGTA |CT|PaBN | EGTA |CT | PaBN | EGTA |CT|PaBN | EGTA
IERY 5121 16 256 |32 32 32 1512 32 512 |32] 32 2
CLR 5121 8 256 |32 4 32 1512 16 256 |16] 16 2
AZ1 1281 4 8 2 4 0.25 256 2 256 | 2 2 0.5
TEL 1281 4 32 2 4 1 128 4 32 4 4 1
CEM-101 32 8 8 2 2 1 32 4 16 4 4 1
P403 ©
CA-MHB RPMI

CT|PaBN | EGTA |CT|PaBN | EGTA

ERY 16| ND 16 4 4 0.5
CLR 16| ND 32 4 4 0.5
AZ1 8| ND 2 2 2 0.125
[TEL 4 | ND 2 1051 1 0.06

CEM-101d | 4 | ND 1 1 2 0.25

MIC (mg/L) in control conditions (CT), in the presence of PafN 50 mg/L or EGTA 5 mM. (a)
wild type strain; (b) clinical isolate overexpressing MexAB-OprM, MexCD-OprJ, MexEF-
OprN, MexXY-OprM; (c) A(MexAB-OprM), A(MexCD-OprlJ), A(MexEF-OprN), AMexJK),
AMexXY). MICs of all molecules were high against PAOI and PA12 in CA-MHB but
reduced if tested in either RPMI or in the presence of PapN (reaching values close to those of
PA403). EGTA reduced the MICs of ketolides in CA-MHB and had an additive effect in RPMIL.
CEM-101 showed a smaller difference in the presence of efflux pump inhibitors.

EXAMPLE. Several in vivo protocols wherein CEM-101 is repeatedly dosed in
toxicology studies in rodents and non human primates have demonstrated tissue levels of CEM-
101 between about 17 and about 100X higher than peak plasma levels. CEM-101 accumulated
in tissues and concentrations were highest in liver, spleen, lung, and salivary gland. This
relationship was confirmed in rodent ADME studies using radiolabeled CEM-101. When
administered orally at 100 mg/kg, lung tissue to plasma radioactivity ratios of about 13:1 were
observed in male and female animals. After IV dosing at 20 mg/kg, the data was more variable
and lung/plasma ratios of 17.6 for males and 6.2 for females were observed. Cmax and AUC
ranged from 0.022 pg/mL and 0.04 pgeh/mL to 1.96 pg/mL and 28.60 pgeh/mL across the dose
range. The mean CEM-101 tmax increased from 1.5 to 6.0 hours and the mean terminal half-

life increased from 2.2 to 7.9 hours over the 50 to 1600 mg dose range.
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EXAMPLE. Tissue distribution. CEM-101 is well absorbed and distributed to
the tissue. In the rat at 250 mg/kg/d, mean lung and liver concentrations 5 of CEM-101 were 17
and 15-fold higher than in plasma. Lung and liver concentrations were 503 and 711-fold higher
than plasma concentrations at the 200 mg/kg/d dose in monkeys. Concentrations of CEM-101
in the heart were significantly lower than levels found in lung or liver with levels 5 and 54-fold
higher than plasma concentrations in rat and monkey, respectively.

EXAMPLE. Activity of CEM-101 Alone and in Combination with Tobramycin
and Amikacin, against P. aeruginosa, MRSA, and B. cepacia. Cystic fibrosis is a congenital
genetic abnormality commonly encountered in the US. As a result of this disease patients, who
may live through early to late adulthood, suffer from recurrent bouts of pneumonia caused by
Pseudomonas aeruginosa (often mucoid), Burkholderia cepacia, and MRS A, and other
pathogens. The recurrent nature of these infectious attacks leads to multi-resistance and
sometimes pan-resistance, with combination therapy the only therapeutic alternative. There is a
dearth of new experimental agents active against resistant Gram-negative and Gram-positive
strains in general, and CF strains in particular.

CEM-101 is tested against P. aeruginosa, MRSA, and B. cepacia strains isolated
from CF strains isolated at Hershey Medical Center, alone and in combination with amikacin
and tobramycin.

Strains. Two strains each of mucoid P. aeruginosa (both pyocyanin positive) and
40 MRSA (only one strain with gold colonies) isolated from patients at a CF clinic were tested.
Additionally, 2 B.cepacia strains were acquired, from Hershey Medical Center. All strains were
identified by standard methods. Only one strain per patient was tested. MLV A was done on all
strains to examine clonality, and confirmed that examination is not taking place on only one or
a few clones. Strains will be stored in skim milk at —70°C until use.

Susceptibility testing. Original MICs of each strain to CEM-101 and other
comparators were tested by CLSI microdilution methodology. Trays were obtained from Trek,
Inc., Cleveland, OH. Time-kill macrobroth MIC dilution by CLSI was performed for all
synergy testing.

Synergy testing. Two of the MRSA strains were chosen and tested for synergy,
together with the 4 Gram-negative strains mentioned above. Broth macrodilution formed the
basis of MICs used in time-kill experiments, as detailed below. The kill kinetics of each drug
was tested alone by incubating an initial inoculum of 5 x 10° to 5 x 10° cfu/mL with drug
concentrations at the MIC, three dilutions above and three dilutions below the MIC (1/2, 1/4
and 1/8 x MIC). Viability counts were performed after 0, 3, 6, 12 and 24 h incubation at 37°C
in a shaking water bath by plating onto trypticase soy-5% sheep blood agar plates.
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After initial time-kills with compounds alone are performed, CEM-101 was
combined with amikacin and tobramycin. Combinations were tested 1-2 dilutions below the
MIC (1/2 X MIC and % X MIC) of each drug. Inocula and time-kill methodology were as
above when the compounds alone are tested. Concentrations in synergy time-kill tests were
selected such that one of the two drugs yields a growth curve similar to that of the drug-free
control, while the other drug was more active.

MICs were assayed by standard methodology. Synergy was defined as a >2 logjo
decrease in cfu/mL between the combination and its most active constituent after 3, 6, 12 and
24 h, with the number of surviving organisms in the presence of the combination >2 logo
cfu/mL below the starting inoculum. At least one of the compounds in the combination was
present in a concentration which did not significantly affect the growth curve of the organism
when used alone. Antagonism was defined as a >2 logo increase in cfu/mL between the
combination and its most active constituent after 3, 6, 12 and 24 h, with the number of
surviving organisms in the presence of the combination >2 log;o cfu/mL above the starting
inoculum.

Results. Each individual strain tested proved to be an individual clone.
Compiled S. aureus (MRSA) MICs (ug/mL) are listed in Table 3.

TABLE 3. Microdilution MICs (nug/mL) of all compounds against 40 MRSA strains from CF

patients.
Drug Range MIC, MIC,,
CEM-101 0.06->16 0.25 >16
Vancomycin 0.5-1 0.5 1
Teicoplanin 0.25-1 0.5 1
Daptomycin 0.5-1 0.5 1
Tigecycline 0.12-0.25 0.12 0.25
Azithromycin 1->32 >32 >32
Clarithromycin 0.25->32 >32 >32
Linezolid 1-4 2 2
Quinupristin/dalfopristin 0.25-1 0.5 1

CEM-101 was active (MICs 0.06-0.25) against 21 of the 40 strains (52.5%), with
MICs against the remaining organisms >16 pg/mL. Vancomycin and teicoplanin were also
active at MICs 0.25-1, linezolid at MICs 1-4 and quinupristin/dalfopristin at MICs 0.25-1. Most
strains (38 of 40) were resistant (>32) to azithromycin and clarithromycin. Microbroth MICs
for the 4 Gram-negative rods are presented in Tables 4 and 5, and time-kill macrobroth MIC
data are shown in Table 6.

TABLE 4. Macrobroth Dilution MICs (pg/mL) of all compounds against 2 P. aeruginosa
strains from cystic fibrosis patients.
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Drug Range
CEM-101 64
Amikacin 2-8
Tobramycin 0.25-1.0

TABLE 5. Macrobroth Dilution MICs (ug/mL) of all compounds against 2 B. cepacia strains
from cystic fibrosis patients.

Drug Range
CEM-101 8-32
Amikacin 256

Tobramycin 128

5 TABLE 6. Time-kill Macrobroth MICs (pg/mL) of all compounds against 6 strains from cystic
fibrosis patients.

Strain

CEM-101 Tobramycin Amikacin
SA 2230 0.125 4.0 32.0
SA 2232 0.125 NT* 64.0
PSAR 461 64.0 2.0 8.0
PSAR 468 32.0 1.0 4.0
BCEP 953 8.0 128 512
BCEP 954 32.0 128 256
*NT; not tested
10 Synergy time-kill data are shown in Tables 7 and 8.
Table 7. Results of In Vitro Antimicrobial Combinations with CEM101 Studied by Time-kill
CEM-101/Tobramycin® CEM-101/Amikacin
3h® 6h’ 12h* 24h* 3h 6h 12h 24h
Synergy 0° 0 0 1 0 0 0 1
Indifference 5 5 4 4 6 6 4 5
Antagonism 0 0 1 0 0 0 2 0

* time-point (hours)
® number of strains (strains tested)
15 ‘one strain (MRSA 2232) not tested (MIC >512 pg/mL)

Table 8. Results of In Vitro Antimicrobial Combinations with CEM101 Studied by Time-kill
CEM-101/Tobramycin CEM-101/Amikacin

3h® 6h’ 12h* 24h* 3h 6h 12h 24h
SA2230 IND IND IND SYN® | IND | IND | IND | IND
(0.03/2)
SA2232 NT¢ NT NT NT IND | IND | IND | SYN
(0.06/
32)
PSAR461 IND IND IND IND IND | IND | ANT | IND
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CEM-101/Tobramycin CEM-101/Amikacin
PSAR468 IND IND IND IND IND | IND | IND | IND
BCEP953 IND IND ANT’ IND IND | IND | ANT | IND
BCEP954 IND IND IND IND IND | IND | IND | IND

* time-point (hours)
®IND- indifference; SYN-synergy; ANT-antagonism
¢ NT; not tested (MIC >512 pg/mL)

Briefly, synergy was found with CEM-101/tobramycin at (0.03/2) concentration
at 24 h for one MRSA strain and at 0.06/32 pg/mL for CEM-101/amikacin at 24h for the
second MRSA strain. All other time points and combinations were indifferent for the 2 MRSA
strains. One strain of MRSA was not tested with tobramycin in combination because of its very
high MIC (>512 pg/mL). One of the 2 P. aeruginosa strains showed antagonism at 12 h with
the CEM-101/amikacin combination (16/4 pg/mL). All other time points and combinations
were indifferent with the 2 P. aeruginosa strains. One B. cepacia strain was antagonistic at 12
h with the CEM-101/tobramycin and CEM-101/amikacin combinations (2/64 and 2/256 pg/mL,
respectively). The 2 B. cepacia strains were indifferent at all other time points and drug
combinations.

No correlation between pigment and any MRSA results was found. When both
mucoid P. aeruginosa strains were subcultured for a few days, viscosity disappeared but
reappeared when they were re-exposed to all combinations. CEM-101 showed low MICs
against approximately Y2 of MRSA strains tested. Synergy was not found in the Gram negative
rods tested. For MRSA, clinically achievable synergy was observed with strain SA 2230, with
CEM-101 combined with tobramycin. Synergy against MRSA SA 2230 is shown in FIG. 1.

EXAMPLE. Intrapulmonary Penetration of CEM-101 in Healthy Adult
Subjects. CEM-101 is evaluated for the treatment of patients with community-acquired
bacterial pneumonia. The penetration of CEM-101 into the epithelial lining fluid (ELF) and
alveolar macrophages (AM) is assessed in a Phase 1 clinical study.

Methods: 30 subjects received 400 mg of CEM-101 orally daily for 5 days. On
Day 5, each subject underwent a single bronchoscopy and bronchoalveolar lavage at 1 of 5 time
points (3, 6,9, 12 or 24 h post-dose) to obtain ELF and AM samples (6 subjects/time point).
Plasma samples were collected pre-dose on Days 1 to 5 and serially post-dose on Day 5 and 6.
The samples collected were assayed for CEM-101 using LC/MS/MS. Urea in the plasma and
ELF was used to correct the ELF CEM-101 concentrations. Noncompartmental
pharmacokinetic (PK) analysis using the median concentrations at each time point was used to

calculate Day 5 AUCO- 24. In addition, a population PK model (PPM) was used to determine
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Day 5 AUCO0-24 for each subject in plasma and ELF. Intrapulmonary penetration of CEM-101
into the ELF and AM was determined by dividing the Day 5 AUCO-24 of each matrix by the
Day 5 plasma AUCO-24.

Results: CEM-101 penetrated well into ELF and AM. CEM-101 achieved higher
exposures in ELF (>8 times) and AM (>180 times) compared to plasma concentrations during
the 24 hour period after drug administration in healthy adults. CEM-101 provides a good
intrapulmonary penetration profile for the treatment of bacterial pathogens associated with
lower respiratory tract infections.

EXAMPLE. Pharmacokinetic-Pharmacodynamic (PK-PD) Analysis of CEM-
101 Against Streptococcus pneumoniae Using Data from a Murine-Lung Infection Model.
Using a murine-lung infection model, epithelial lining fluid (ELF) and plasma PK-PD measures
most closely associated with CEM-101 efficacy against S. pneumoniae and targets based on
PK-PD relationships for such indices were identified.

Methods: CEM-101 PK data were obtained from healthy mice administered
single CEM-101 doses ranging from 0.625 to 40 mg/kg. Plasma and ELF were collected over
24 h (3 mice/time point) and assayed for CEM-101. Urea in plasma and ELF was used to
correct ELF concentrations. Neutropenic mice infected with 108 CFU of 1 of 5 §. pneumoniae
isolates via inhalation were administered daily CEM-101 doses (0.156 to 160 mg/kg) via oral
gavage. Dose-fractionation was performed for 1 isolate; CEM-101 was administered to the
other 4 isolates as a Q6h or Q12h regimen. PK and PK-PD were evaluated using S-ADAPT
1.56.

Results: A 3-compartment model with a parallel first-order and capacity-limited
clearance and a capacity-limited first pass effect with fitted lag-times best described the plasma
and ELF data (12 = 0.98 and 0.83 for observed vs fitted concentrations, respectively). ELF to
total- and free-drug (f) plasma (based on protein binding of 91.8% in mice) AUCO0-24 ratios
were 0.22 and 2.7, respectively. ELF and f plasma AUCO0-24:MIC ratios were most predictive
of efficacy (12 = 0.85 for ELF and f plasma). ELF and f plasma AUCO0-24:MIC ratios associated
with net bacterial stasis and a 1- and 2-log10 CFU reduction from baseline were 1.26 and 1.65,
15.1 and 6.31, and 59.8 and 12.8, respectively. AUCO0-24:MIC ratio was the PK-PD index most
predictive of efficacy for CEM-101. PK-PD targets based on these relationships will inform
dose selection for future clinical studies.

EXAMPLE. Compounds described herein exhibit potent anti-inflammatory
activity.

Cells. The human monocytic cell line U937 was obtained from the American

Type Culture Collection (ATCC, Rockville, MD). PBMCs from COPD patients were obtained
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from Brompton hospital and separated by AccuSPIN (Sigma—Aldrich). Cells were cultured in
complete growth medium (RPMI 1640) (Sigma—Aldrich) supplemented with 10% fetal bovine
serum (FBS) and 1% L-glutamine at 37°C in a humidified atmosphere with 5% CO,. U937 cells
were differentiated into adherent macrophage-like morphology by exposure to PMA (50
ng/mL) for 48 hrs in complete growth medium. Cell viability was assessed microscopically by
trypan blue staining. Cell toxicity was determined by MTT assay as needed. This study was
approved by the ethics committee of the Royal Brompton Hospitals, and all subjects gave
written informed consent.

Cell Lysis. Whole cell extracts were prepared as previously described
(Kobayashi et al., 2011). Briefly, cell protein extracts were prepared using modified RIPA
buffer (50 mM Tris HCI pH 7.4, 0.5% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl with
freshly added complete protease inhibitor cocktail (Roche, Mannheim, Germany)). Protein
concentration was determined using the BCA Protein Assay (Thermo Fisher Scientific,
Waltham, MA).

Cytokine ELISA. TNFo and IL-8 concentrations in the supernatant of cell
cultures were determined by sandwich ELISA according to the manufacturer's instructions
(R&D Systems Europe, Abingdon, UK).

Zymography. MMP9 enzyme activity was measured by gelatin zymography.
Cell culture supernatants were diluted with equal amount of Laemli sample buffer (Bio-Rad,
Hertfordshire, UK) and loaded on a Novex® 10 % Zymogram (Gelatin) gel (Invitrogen Ltd,
Paisley, UK). After electrophoresis, gels were incubated and rinsed with Novex® zymogram
renaturing buffer (Invitrogen) for 30 min at room temperature. The gels were then rinsed in
Novex® zymogram developing buffer (Invitrogen) for 30 min at room temperature prior to
overnight incubation in the developing buffer at 37 °C. After incubation, the gels were stained
using a Colloidal Blue Staining Kit (Invitrogen) to visualize the zymogen bands.

NF-kB activity. The activation of NF-xB (p65 binding activity to NF-xB
binding sequence) was determined using a TransAM NF-kB p65 Assay kit (Active Motif, Inc.,
Carlsbad, CA) according to the manufacturer's instruction. Whole cell extracts were prepared
from PMA-differentiated U937 cells, and 20 UL of each extract was used for this study. Results
were determined by measuring the spectrophotometric absorbance at 450 nm with a reference
wavelength of 655 nm.

Statistical analysis. The results were expressed as the mean = SEM.
Comparisons of data in two groups were performed using the Student’s ¢ test or the Wilcoxon

signed rank test. Multiple comparisons were made by one-way ANOVA with post hoc test
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(Dunnett’s) as appropriate. The difference was considered significant at p < 0.05. ICs, values
(50% inhibitory concentration) for macrolides for production of cytokines or MMP9 were
calculated using Prism 4.0 (GraphPad Software Inc., San Diego, CA).

Anti-inflammatory effects of CEM-101 in U937 cells. LPS significantly
increased TNFa and IL-8 production in PMA-differentiated U937 cells (TNFa., 63.1 + 2.6 fold
in LPS vs. non-stimulated; and CXCLS, 2.0 = 0.1 fold in LPS vs. non-stimulated cells, n=3).
CEM-101 significantly inhibited both TNFo and CXCLS8 at 100 uM (FIGS 3 and 4). Although
clarithromycin showed modest effects on both TNF and IL-8 production at a higher
concentration (333 uM), erythromycin and azithromycin did not inhibit them. Telithromycin at
100 uM did not inhibit production of TNFa and CXCLS8. The ICs values for CEM-101 on
TNFa and CXCLS release were 41.6 £ 1.9 uM and 78.2 £ 9.5 uM, respectively, and were
superior to those for clarithromycin (ICsp, 426.3 + 63.9 uM for TNFa and 506.5 £ 44.0 uM for
CXCLS) (Table 9).

The effects of macrolides on MMPO activity was also investigated, which were
clearly elevated by PMA stimulation in U937 cells (9.9 = 2.0 fold in PMA vs. non-stimulation,
n=3). CEM-101 remarkably reduced MMP?9 activity, with an ICsy of 14.9 + 3.1 uM (FIG. 2 and
Table 9). In contrast, clarithromycin and azithromycin showed 10-fold lower inhibitory effects
than CEM-101 whereas erythromycin showed no effect (FIG. 2 and Table 9). Telithromycin
also inhibited MMP9 activity, although to lesser extent than CEM-101, with an ICsy of 97.9
UM.

Table 9. Effect of macrolides on inhibition of LPS-induced IL-8 and TNFx release, and PMA-
induced MMPO activation in U937 cells.

ICso (UM)
Solithro-  Erythro-  Clarithro-  Azithro-  Telithro-
mycin mycin mycin mycin mycin
LPS-induce IL-8 release NE at NE at NE at
782 33uM 000 333uM 100uM
LPS-induced TNFo NE at NE at NE at
release 41.6 333uM 426.3 333uM 100puM
PMA-induced MMP9 NE at
activation 14.9 333uM 118.0 212.1 97.9

NE: no effect
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WHAT IS CLAIMED IS:
1. A method for treating a pulmonary or endobronchial disease in a host

animal, the method comprising the step of administering to the host animal a therapeutically

effective amount of one or more compounds of the formula

N
S

or pharmaceutically acceptable salts thereof, wherein:

X is H; and Y is OR7; where R; is a monosaccharide or disaccharide, or a
derivative thereof; or X and Y are taken together with the attached carbon to form carbonyl;

Z.is a monosaccharide or disaccharide, or a derivative thereof;

V is C(O), or C(=NRy;), wherein R;; is hydroxy or alkoxy;

Wis H, F, Cl, Br, I, or OH;

A is CH,, C(0O), C(O)0O, C(O)NH, S(0O),, S(O):NH, or C(O)NHS(O)»;

B is (CH»), where n is an integer in the range from 0 to about 10, or B is C,-Cjo
alkenyl or alkynyl; and

C is cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl,
each of which is optionally substituted;

where the compound is administered by inhalation to the endobronchial space of
the patient.

2. A composition for administration by inhalation, the composition

comprising one or more compounds of the formula
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or pharmaceutically acceptable salts thereof, wherein:

X is H; and Y is OR7; where R7 is a monosaccharide or disaccharide, or a
derivative thereof; or X and Y are taken together with the attached carbon to form carbonyl;

Z.is a monosaccharide or disaccharide, or a derivative thereof;

V is C(O), or C(=NRy;), wherein R;; is hydroxy or alkoxy;

Wis H, F, Cl, Br, I, or OH;

A is CH,, C(0O), C(O0)O, C(O)NH, S(O),, S(0).NH, or C(O)NHS(O)a;

B is (CH»), where n is an integer in the range from 0 to about 10, or B is C,-Cjo
alkenyl or alkynyl; and

C is cycloalkyl, cycloheteroalkyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl,
each of which is optionally substituted.

3. The composition of claim 2 wherein the composition is a solution
adapted for aerosolization and inhalation by the host animal.

4. A unit dose of a therapeutically effective amount of the compound or
composition of claim 2, the unit dose comprising a predetermined amount of the compound
adapted for administering by inhalation.

5. A kit for treating a pulmonary or endobronchial disease in a host animal,
the kit comprising a solid unit dose of a therapeutically effective amount of the compound or
composition of any one of the preceding claims, and a separate diluent, and instructions for use,
including an instruction for reconstituting the solid unit dose using the diluent to prepare a
liquid composition capable of being inhaled by the host animal.

6. The kit of claim 4 further comprising a container.

7. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein X and Y are taken together with the attached carbon to form carbonyl.

8. The method, composition, unit dose, or kit of any one of claims 1 to 6

wherein Z is a monosaccharide.
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9. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein Z is desosamine or a derivative thereof.
10. The method, composition, unit dose, or kit of any one of claims 1 to 6

wherein Z is desosamine.

11. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein V is C(O).
12. The method, composition, unit dose, or kit of any one of claims 1 to 6

wherein W is H or F.

13. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein A is CH,.
14. The method, composition, unit dose, or kit of any one of claims 1 to 6

wherein B is (CH,),.

15. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein n is an integer from 2 to 4

16. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein n is 3.

17. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein C is aryl, arylalkyl, heteroaryl, or heteroarylalkyl, each of which is optionally
substituted.

18. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein C is aryl or heteroarylalkyl, each of which is optionally substituted.

19. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein C is substituted aryl.

20. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein C is aminophenyl.

21. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein C is 3-aminophenyl.

22. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the compound is solithromycin, or a pharmaceutically acceptable salt thereof

23. The method, composition, unit dose, or kit of any one of claims 1 to 6

wherein the administration is performed using a nebulizer, and the composition or unit dose is

capable of producing a aerosol particle with an MMAD predominantly in the range from about

1 to about 5 pm.
24, The method, composition, unit dose, or kit of any one of claims 1 to 6

wherein the host animal is immunocompromised.
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25. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the disease includes cystic fibrosis.

26. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the disease is caused by one or more strains of Pseudomonas aeruginosa, mucoid
Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus aureus , including MRSA, or a
combination thereof.

217. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the disease is caused by one or more CF strains of Pseudomonas aeruginosa, mucoid
Pseudomonas aeruginosa, Burkholderia cepacia, S. aureus , including MRSA, or a combination
thereof.

28. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the disease is caused by one or more clarithromycin resistant bacteria.

29. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the disease is caused by inflammation.

30. The method, composition, unit dose, or kit of any one of claims 1 to 6
further comprising the step of administering a therapeutically effective amount of an
aminoglycoside.

31. The method, composition, unit dose, or kit of any one of claims 1 to 6
wherein the compound is administered at a dose lower than that capable of antagonizing or
significantly antagonizing the efficacy of the aminoglycoside.

32. The method, composition, unit dose, or kit of any one of claims 1 to 6
further comprising the step of administering a therapeutically effective amount of a
fluoroquinolone antibiotic.

33. The method, composition, unit dose, or kit of any one of claims 1 to 6

further comprising the step of administering a therapeutically effective amount of aztreonam.
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