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METHODS OF INHIBITING AND TREATING BIOFILMS USING

GLYCOPEPTIDE ANTIBIOTICS

Technical Field

The present invention is directed to methods of inhibition, delay of formation,
treatment, prophylaxis and/or prevention of infections caused by bacteria that exhibit
tolerance to antimicrobial agents, including slow growing, stationary-phase and biofilm
forming bacteria (e.g., dormant bacteria), through the use of glycopeptide antibiotics, such as

oritavancin.

Background of the Technology

Infections in which bacteria are either slow-growing, dormant or in a biofilm pose a
serious clinical challenge for therapy because cells in these states exhibit tolerance to the
activity of most antimicrobial agents (12). Osteomyelitis, infective endocarditis, chronic
wounds and infections related to indwelling devices are examples of infections that harbor
tolerant cells (7, 13). Because most antimicrobial agents exert maximal activity against
rapidly dividing cells, antimicrobial therapies for these infections are not optimal, requiring

protracted treatment times and demonstrating higher failure rates.

A model theory has been proposed to explain biofilm recalcitrance to chemotherapy
(24): the diversity of the growth phases of the biofilm community and the composition of the
slime matrix act to limit the effectiveness of otherwise useful antimicrobial agents. It is
believed that a population of slow-growing, stationary-phase or ‘persister’ cells within the
biofilm can tolerate the killing action of antibacterial agents. This has been demonstrated
with the fluoroquinolone antibiotic ofloxacin in which a small population of cells within a
biofilm were not killed by this agent (41). Furthermore, it is thought these tolerant cells are
protected from immune clearance in vivo by the biofilm slime matrix and ultimately give rise
to relapse infections by reseeding the biofilm once drug levels drop below their antibacterial

concentration (24).

Oritavancin is a semi-synthetic lipoglycopeptide in clinical development against
serious gram-positive infections. It exerts activity against methicillin-resistant

Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE). The rapidity
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of its bactericidal activity against exponentially-growing S. aureus (2 3-log reduction within
15 minutes to 2 hours against MSSA, MRSA, and VRSA) is one feature that distinguishes it
from the prototypic glycopeptide vancomycin (29). Recent work demonstrated that
oritavancin has multiple mechanisms of action that can contribute to cell death of
exponentially-growing S. aureus, including inhibition of cell wall synthesis by both substrate-
dependent and -independent mechanisms (2, 4, 45), disruption of membrane potential and
increasing membrane permeability (30), and inhibition of RNA synthesis (4). The ability of
oritavancin but not vancomycin to interact with the cell membrane, leading to loss of
membrane integrity and collapse of transmembrane potential, correlates with the rapidity of
oritavancin bactericidal activity (30). Mechanisms of action beyond substrate-dependent cell
wall synthesis inhibition have not been described to date for vancomycin; consequently,
vancomycin typically requires 24 h and actively dividing cells to exert bactericidal activity

(Belley ICAAC 2006 stat phase poster; Belley 2007 ICAAC stat phase poster; (29)).

There is a need for new methods of treatment for bacteria in slow-growing, stationary-

phase and biofilm states.
SUMMARY

As disclosed herein, it has been discovered that the glycopeptide antibiotic
oritavancin, also known in the art and referred to herein as NP4C.(4-(4-
chlorophenyl)benzyl)A82846B and 1. Y333328, demonstrates significant activity against
bacteria that exhibit tolerance to antimicrobial agents. In particular, oritavancin shows
activity against dormant bacteria such as: (i) slow growing, (ii) stationary-phase and (iii)
biofilm forms of Staphylococcus aureus, Staphylococcus epidermidis, and both vancomycin
susceptible- and resistant enterococci. The results of the experiments described herein
demonstrate that glycopeptide antibiotics, such as oritavancin (or its pharmaceutically
acceptable salts, hydrates, or solvates thereof, as well as mixtures thereof), will be efficacious
in the inhibition, delay of formation, treatment, prophylaxis and/or prevention of infections by
dormant bacteria, including infections of slow growing, stationary-phase or biofilm forming

bacteria in animals, including humans.

Inhibition
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The invention is generally directed to methods of inhibiting the growth of dormant
bacteria, comprising contacting dormant bacteria with a glycopeptide antibiotic in an amount
sufficient to inhibit the growth of the dormant bacteria, wherein the dormant bacteria is one or
more of’ (1) slow growing bacteria, (i1) stationary-phase bacteria and (iii) bacteria in biofilm

form.

In one embodiment, the invention is directed to methods of inhibiting an infection
caused by dormant bacteria in a subject, comprising administering a therapeutically effective
amount of a glycopeptide antibiotic to a subject having an infection caused by dormant
bacteria, wherein the dormant bacteria is one or more of: (i) slow growing bacteria, (ii)
stationary-phase bacteria and (iii) a bacteria in biofilm. In these embodiments the dormant

bacteria may be contacted with the glycopeptide antibiotic in vitro, in vivo and/or ex vivo.

Preferably, the glycopeptide antibiotic is administered to a subject in the form of a
pharmaceutical composition comprising the glycopeptide antibiotic and a pharmaceutically
acceptable carrier or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a

pharmaceutically acceptable salt, hydrate, or solvate therecof, or a mixture thereof.

In a further embodiment, the invention is directed to methods of inhibiting the
formation of a biofilm on a surface or on a porous material, comprising applying a
glycopeptide antibiotic to a surface or to a porous material upon which a biofilm may form in
an amount sufficient to inhibit the formation of a biofilm. In preferred embodiments, the

surface is an inert surface, such as the surface of an in-dwelling medical device.

In an additional embodiment, the invention is directed to methods of delaying the
formation of a biofilm on a surface or on a porous material, comprising applying a
glycopeptide antibiotic to a surface or to a porous material upon which a biofilm may form in
an amount sufficient to delay the formation of a biofilm. In preferred embodiments, the

surface is an inert surface, such as the surface of an in-dwelling medical device.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a

Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
3
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bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Treatment

The invention is also generally directed to methods of treating an infection caused by
dormant bacteria in a subject, comprising administering a therapeutically effective amount of
a glycopeptide antibiotic to a subject having an infection caused by dormant bacteria, wherein
the dormant bacteria is one or more of: (i) slow growing bacteria, (i1) stationary-phase
bacteria and (iii) bacteria in biofilm form. The dormant bacteria may be contacted with the

glycopeptide antibiotic in vitro, in vivo and/or ex vivo.

Preferably, the glycopeptide antibiotic is administered to a subject in the form of a
pharmaceutical composition comprising the glycopeptide antibiotic and a pharmaceutically
acceptable carrier or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a

pharmaceutically acceptable salt, hydrate, or solvate therecof, or a mixture thereof.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Prevention

The invention is further generally directed to methods of preventing an infection
caused by dormant bacteria in a subject, comprising administering to a subject at risk of
developing an infection caused by dormant bacteria an amount of a glycopeptide antibiotic
sufficient to prevent the infection, wherein the dormant bacteria is one or more of: (i) slow
growing bacteria, (ii) stationary-phase bacteria and (iii) bacteria in biofilm form. The
dormant bacteria may be contacted with the glycopeptide antibiotic in vitro, in vivo and/or ex

Vivo.
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In one embodiment, the invention is directed to methods of preventing the formation
of a biofilm in a subject, comprising administering to a subject at risk of biofilm formation an

amount of a glycopeptide antibiotic sufficient to prevent biofilm formation.

Preferably, the glycopeptide antibiotic is administered to a subject in the form of a
pharmaceutical composition comprising the glycopeptide antibiotic and a pharmaceutically
acceptable carrier or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a

pharmaceutically acceptable salt, hydrate, or solvate therecof, or a mixture thereof.

In a further embodiment, the invention is directed to methods of preventing the
formation of a biofilm on a surface or on a porous material, comprising applying a
glycopeptide antibiotic in an amount sufficient to prevent the formation of a biofilm to a
surface or on a porous material upon which a biofilm may form in an amount sufficient to
prevent the formation of a biofilm. In preferred embodiments, the surface is an inert surface,

such as the surface of an in-dwelling medical device.

The invention is also directed to methods of preventing the colonization of a surface
by dormant bacteria, comprising applying a glycopeptide antibiotic to a surface in an amount
sufficient to prevent colonization of the surface by a dormant bacteria, wherein the dormant
bacteria is one or more of slow growing bacteria, stationary-phase bacteria and bacteria in

biofilm form.

The invention is further directed to methods of preventing the colonization of a porous
material by dormant bacteria, comprising applying a glycopeptide antibiotic to a porous
material in an amount sufficient to prevent colonization of the porous material by a dormant
bacteria, wherein the dormant bacteria is one or more of slow growing bacteria, stationary-

phase bacteria and bacteria in biofilm form.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
5
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Prophylaxis

The invention is additionally generally directed to methods for providing prophylaxis
of an infection caused by dormant bacteria in a subject, comprising administering to a subject
having an infection caused by dormant bacteria an amount of a glycopeptide antibiotic
sufficient to achieve prophylaxis of the infection, wherein the dormant bacteria is one or more

of: (1) slow growing bacteria, (i1) stationary-phase bacteria and (iii) bacteria in biofilm form.

Preferably, the glycopeptide antibiotic is administered in the form of a pharmaceutical
composition comprising the glycopeptide antibiotic and a pharmaceutically acceptable carrier
or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a pharmaceutically

acceptable salt, hydrate, or solvate thereof, or a mixture thereof.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Devices

The invention is also generally directed to a surface comprising a glycopeptide
antibiotic in an amount sufficient to inhibit the growth of one or more of: (i) slow growing
bacteria, (i1) stationary-phase bacteria and (ii1) bacteria in biofilm form. In one embodiment,
the surface is an inert surface, such as the surface of an in-dwelling medical device. In
preferred embodiments, the surface is coated by or impregnated with the glycopeptide

antibiotic.

The invention is also generally directed to an in-dwelling medical device coated by or
impregnated with a glycopeptide antibiotic in an amount sufficient to inhibit the growth of
one or more of: (i) slow growing bacteria, (ii) stationary-phase bacteria and (iii) bacteria in
biofilm form. In a preferred embodiment, a surface of the in-dwelling medical device is

coated by or impregnated with the glycopeptide antibiotic.
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The invention is further generally directed to a porous material comprising a
glycopeptide antibiotic in an amount sufficient to inhibit the growth of one or more of: (i)
slow growing bacteria, (i1) stationary-phase bacteria and (ii1) bacteria in biofilm form. In
preferred embodiments, the surface is coated by or impregnated with the glycopeptide
antibiotic.Preferably, the glycopeptide antibiotic is oritavancin, or a pharmaceutically

acceptable salt, hydrate, or solvate thereof, or a mixture thereof.
Uses

The present invention also includes the use of a glycopeptide antibiotic in the
manufacture of a medicament for inhibition, delay of formation, treatment, prophylaxis and/or
prevention of one or more of: a (i) slow growing, (ii) stationary-phase or (iii) biofilm bacterial
infection in a subject or on a surface. Preferably, said glycopeptide antibiotic is oritavancin,

or pharmaceutically acceptable salt, hydrate, or solvate thereof, or a mixture thereof.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Time-kill kinetics of MSSA ATCC 29213 at estimated fCax and free
trough concentrations of oritavancin and comparators in nutrient-depleted CAMHB. Viability
was enumerated at the indicated time points by serial dilution plating. Each point represents
the mean of duplicate determinations. The limit of detection is indicated (---). A. Stationary-
phase inocula with estimated fCpax of oritavancin and comparators. B. Exponential-phase
inocula with estimated fCn.x of oritavancin and comparators. For panels A and B: ,
untreated control; O, 4 ug/mL oritavancin, @, 16 ug/mL oritavancin; l, 16 ug/mL
vancomycin; L], 4 ug/mL daptomycin; A, 8 ug/mL linezolid; V, 2 ug/mL rifampicin. C.

Stationary-phase inocula with estimated free trough concentrations of oritavancin and
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comparators. ¥, untreated control; @, 0.5 ug/mL oritavancin; B, 4 ug/mL vancomycin; [ ],

0.5 pg/mL daptomycin.

Figure 2. Time-kill kinetics of stationary-phase MRSA ATCC 33591 and VRSA
VRSS at estimated fCrax and free trough concentrations of oritavancin and comparators in
nutrient-depleted CAMHB. Viability was enumerated at the indicated time points by serial
dilution plating. Each point represents the mean of duplicate determinations. The limit of
detection is indicated (---). A. MRSA ATCC 33591 with estimated fCp.x of oritavancin and
comparators. B. VRSA VRSS5 with estimated fCpax of oritavancin and comparators. For
panels A and B: >, growth control; O, 4 ug/mL oritavancin, @, 16 ug/mL oritavancin; H,
16 ug/mL vancomycin; L], 4 ug/mL daptomycin; A, 8 ug/mL linezolid; V, 2 pg/mL
rifampicin. C. MRSA ATCC 33591 with estimated free trough concentrations of
oritavancin and comparators. B. VRSA VRS5 with estimated free trough concentrations of
oritavancin and comparators. For both panels: %, growth control; @, 0.5 pg/mL oritavancin;

M, 4 ug/mL vancomycin; [ ], 0.5 ug/mL daptomycin.

Figure 3. Mecasurement of oritavancin effects on membrane depolarization,
permeability and killing of MSSA ATCC 29213. Panels A and B. Membrane depolarization
was monitored by measuring DiSCs(5) fluorescence. Panels C and D. Permeabilization of
the cell membranes by oritavancin was monitored by measuring SYTO-9 fluorescence. Note
that in panel D, the curve for vancomycin vs. stationary-phase cells overlaps the curve for
daptomycin vs. stationary-phase cells. E. Killing kinetics of stationary- and exponential-
phase inocula in membrane assay buffer. Glucose was omitted from the membrane assay
buffer for stationary-phase cells and included at 5 mM for exponential-phase cells. The limit
of detection is indicated (---). For panels A, C and E: O, 4 ug/mL oritavancin vs.
exponential-phase cells; @, 4 ug/mL oritavancin vs. stationary-phase cells; L], untreated
exponential-phase cells; B, untreated stationary-phase cells. For panels B and D: @, 16
ug/mL oritavancin vs. stationary-phase cells; O, 16 ug/mL oritavancin vs. exponential-phase
cells; M, 16 pg/mL vancomycin vs. stationary-phase cells; L1, 16 ug/mL vancomycin vs.
exponential-phase cells; A, 4 ug/mL daptomycin vs. stationary-phase cells; A, 4 ug/mL

daptomycin vs. exponential-phase cells.
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Figure 4. Ultrastructural analysis of stationary-phase MRSA ATCC 43300 by
transmission electron microscopy of thin sections. A. Untreated control cells. The arrow
indicates the septal midline. B. An exponential-phase MRSA ATCC 43300 is shown for
comparison. The septum is not as broad as in stationary-phase cells (compare to Figure 4A)
and the septal midline (arrow) is more apparent. C. Cells exposed to 1 pg/mL oritavancin for
3 hours. Note the absence of a well-defined midline. D. Cells exposed to 16 ug/mL

vancomycin for 3 hours. The arrow indicates the septal midline.

Figure 5. Prevention of Staph. epidermidis ATCC 35984 in vitro biofilms formation

on silicone tubing.

Figure 6. Prevention of Staph. epidermidis ATCC 35984 in vitro biofilms formation

on oritavancin derivatized resins 9 and 12

DETAILED DESCRIPTION

The present invention is directed to methods of inhibition, delay of formation,
treatment, prophylaxis and/or prevention of infections by dormant bacteria, including
bacterial infections caused by slow growing, stationary-phase or biofilm forming bacteria in
animals, including humans, through the use of glycopeptide antibiotics, such as oritavancin,

and pharmaceutical compositions comprising glycopeptide antibiotics.
Inhibition

In particular, the invention is generally directed to methods of inhibiting the growth of
dormant bacteria, comprising contacting dormant bacteria with a glycopeptide antibiotic in an
amount sufficient to inhibit the growth of the dormant bacteria, wherein the dormant bacteria
is one or more of: (1) slow growing bacteria, (ii) stationary-phase bacteria and (iii) bacteria in
biofilm form. The dormant bacteria may be contacted with the glycopeptide antibiotic in

vitro, in vivo and/or ex vivo.

The skilled artisan will understand that the methods of inhibition of the present
invention can be practiced wherever dormant bacteria, such as slow growing, stationary-phase
or biofilm forming bacteria, may be encountered. For example, the methods may be practice

on the surface of or inside of an animal, such as a human, on a inert surface, such as a counter
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or bench top, on a surface of a piece of medical or laboratory equipment, on a surface of a

medical or laboratory tool, or on a surface of an in-dwelling medical device.

In one embodiment, the invention is directed to methods of inhibiting an infection
caused by dormant bacteria in a subject, comprising administering a therapeutically effective
amount of a glycopeptide antibiotic to a subject having an infection caused by dormant
bacteria, wherein the dormant bacteria is one or more of: (i) slow growing bacteria, (ii)
stationary-phase bacteria and (iii) bacteria in biofilm. The dormant bacteria may be contacted

with the glycopeptide antibiotic in vitro, in vivo and/or ex vivo.

Preferably, the glycopeptide antibiotic is administered to a subject in the form of a
pharmaceutical composition comprising the glycopeptide antibiotic and a pharmaceutically
acceptable carrier or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a

pharmaceutically acceptable salt, hydrate, or solvate therecof, or a mixture thereof.

In the preferred embodiments, the glycopeptide antibiotic is administered to the

subject via intravenous administration or oral administration.

In each of the methods of inhibiting the growth of dormant bacteria, the dormant
bacteria may be contacted with a second antibiotic concurrent with the glycopeptide antibiotic
or a second antibiotic may be administered concurrent with the glycopeptide antibiotic.
Suitable second antibiotics include fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole,
a penicillin, a monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a
carbopenem, a cepham, a cephem, an oxacepham, an oxacephem, a carbocepham, a
carbocephem, a cephalosporin, tetracycline, a tetracycline derived antibacterial agent,
glycylcycline, a glycylcycline derived antibacterial agent, minocycline, a minocycline derived
antibacterial agent, sancycline, a sancycline derived antibacterial agent, methacycline, a
methacycline derived antibacterial agent, an oxazolidinone antibacterial agent, an
aminoglycoside antibacterial agent, a quinolone antibacterial agent, daptomycin, a
daptomycin derived antibacterial agent, rifamycin, a rifamycin derived antibacterial agent,
rifampin, a rifampin derived antibacterial agent, rifalazil, a rifalazil derived antibacterial
agent, rifabutin, a rifabutin derived antibacterial agent, rifapentin, a rifapentin derived

antibacterial agent, rifaximin and a rifaximin derived antibacterial agent.

10
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In a further embodiment, the invention is directed to methods of inhibiting the
formation of a biofilm on a surface or on a porous material, comprising applying a
glycopeptide antibiotic to a surface or to a porous material upon which a biofilm may form in
an amount sufficient to inhibit the formation of a biofilm. In preferred embodiments, the

surface is an inert surface, such as the surface of an in-dwelling medical device.

In an additional embodiment, the invention is directed to methods of delaying the
formation of a biofilm on a surface or on a porous material, comprising applying a
glycopeptide antibiotic in an amount sufficient to delay the formation of a biofilm to a surface
or to a porous material upon which a biofilm may form in an amount sufficient to delay the
formation of a biofilm. In preferred embodiments, the surface is an inert surface, such as the

surface of an in-dwelling medical device.

In the embodiments of the invention directed to methods of inhibiting or delaying the
formation of a biofilm, the material comprising the surface or the porous material may be any
material that can be used to form a surface or a porous material. In preferred embodiments,
the material is selected from the group of consisting of polyethylene, polytetrafluoroethylene,
polypropylene, polystyrene, polyacrylamide, polyacrylonitrile, poly(methyl methacrylate),
polyamide, polyester, polyurethane, polycarbornate, silicone, polyvinyl chloride, polyvinyl
alcohol, polyethylene terephthalate, cobalt, a cobalt-base alloy, titanium, a titanium base
alloy, steel, silver, gold, lead, aluminum, silica, alumina, yttria stabilized zirconia polycrystal,

calcium phosphate, calcium carbonate, calcium fluoride, carbon, cotton, wool and paper.

The glycopeptide antibiotic may be bound to the surface or porous material through a

non-covalent interaction or a covalent interaction.

In each of the methods of inhibiting or delaying the formation of a biofilm, a second
antibiotic may be applied concurrent with the glycopeptide antibiotic. Suitable second
antibiotics include fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a
monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a carbopenem, a cepham,
a cephem, an oxacepham, an oxacephem, a carbocepham, a carbocephem, a cephalosporin,
tetracycline, a tetracycline derived antibacterial agent, glycylcycline, a glycylcycline derived
antibacterial agent, minocycline, a minocycline derived antibacterial agent, sancycline, a

sancycline derived antibacterial agent, methacycline, a methacycline derived antibacterial

11



10

15

20

25

WO 2009/126502 PCT/US2009/039240

agent, an oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a
quinolone antibacterial agent, daptomycin, a daptomycin derived antibacterial agent,
rifamycin, a rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial
agent, rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived
antibacterial agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a

rifaximin derived antibacterial agent.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Treatment

The invention is also generally directed to methods of treating an infection caused by
dormant bacteria in a subject, comprising administering a therapeutically effective amount of
a glycopeptide antibiotic to a subject having an infection caused by dormant bacteria, wherein
the dormant bacteria is one or more of: (i) slow growing bacteria, (ii) stationary-phase
bacteria and (iii) bacteria in biofilm form. The dormant bacteria may be contacted with the

glycopeptide antibiotic in vitro, in vivo and/or ex vivo.

Preferably, the glycopeptide antibiotic is administered to a subject in the form of a
pharmaceutical composition comprising the glycopeptide antibiotic and a pharmaceutically
acceptable carrier or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a

pharmaceutically acceptable salt, hydrate, or solvate therecof, or a mixture thereof.

In the preferred embodiments, the glycopeptide antibiotic is administered to the

subject via intravenous administration or oral administration.

In each of the methods of treatment, a second antibiotic may be administered
concurrent with the glycopeptide antibiotic. Suitable second antibiotics include fusidic acid,

trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a monobactam, a penam, a penem,
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a clavam, a clavem, a carbopenam, a carbopenem, a cepham, a cephem, an oxacepham, an
oxacephem, a carbocepham, a carbocephem, a cephalosporin, tetracycline, a tetracycline
derived antibacterial agent, glycylcycline, a glycylcycline derived antibacterial agent,
minocycline, a minocycline derived antibacterial agent, sancycline, a sancycline derived
antibacterial agent, methacycline, a methacycline derived antibacterial agent, an
oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a quinolone
antibacterial agent, daptomycin, a daptomycin derived antibacterial agent, rifamycin, a
rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial agent,
rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived antibacterial
agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a rifaximin derived

antibacterial agent.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Prevention

The invention is further generally directed to methods of preventing an infection
caused by dormant bacteria in a subject, comprising administering to a subject at risk of
developing an infection caused by dormant bacteria an amount of a glycopeptide antibiotic
sufficient to prevent the infection, wherein the dormant bacteria is one or more of: a (i) slow
growing bacteria, (ii) stationary-phase bacteria and (iii) bacteria in biofilm form. The
dormant bacteria may be contacted with the glycopeptide antibiotic in vitro, in vivo and/or ex

Vivo.

In one embodiment, the invention is directed to methods of preventing the formation
of a biofilm in a subject, comprising administering to a subject at risk of biofilm formation an

amount of a glycopeptide antibiotic sufficient to prevent biofilm formation.
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Preferably, the glycopeptide antibiotic is administered to a subject in the form of a
pharmaceutical composition comprising the glycopeptide antibiotic and a pharmaceutically
acceptable carrier or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a

pharmaceutically acceptable salt, hydrate, or solvate therecof, or a mixture thereof.

In the preferred embodiments, the glycopeptide antibiotic is administered to the

subject via intravenous administration or oral administration.

In each of the methods of preventing an infection caused by dormant bacteria or
preventing the formation of a biofilm in a subject, a second antibiotic may be administered
concurrent with the glycopeptide antibiotic. Suitable second antibiotics include fusidic acid,
trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a monobactam, a penam, a penem,
a clavam, a clavem, a carbopenam, a carbopenem, a cepham, a cephem, an oxacepham, an
oxacephem, a carbocepham, a carbocephem, a cephalosporin, tetracycline, a tetracycline
derived antibacterial agent, glycylcycline, a glycylcycline derived antibacterial agent,
minocycline, a minocycline derived antibacterial agent, sancycline, a sancycline derived
antibacterial agent, methacycline, a methacycline derived antibacterial agent, an
oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a quinolone
antibacterial agent, daptomycin, a daptomycin derived antibacterial agent, rifamycin, a
rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial agent,
rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived antibacterial
agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a rifaximin derived

antibacterial agent.

In a further embodiment, the invention is directed to methods of preventing the
formation of a biofilm on a surface or on a porous material, comprising applying a
glycopeptide antibiotic to a surface or on a porous material upon which a biofilm may form in
an amount sufficient to prevent the formation of a biofilm. In preferred embodiments, the

surface is an inert surface, such as the surface of an in-dwelling medical device.

In embodiments directed to preventing the formation of a biofilm on a surface or on a
porous material, the material comprising the surface or the porous material may be any
material that can be used to form a surface or a porous material. In preferred embodiments,

the material is selected from the group of consisting of polyethylene, polytetrafluoroethylene,
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polypropylene, polystyrene, polyacrylamide, polyacrylonitrile, poly(methyl methacrylate),
polyamide, polyester, polyurethane, polycarbornate, silicone, polyvinyl chloride, polyvinyl
alcohol, polyethylene terephthalate, cobalt, a cobalt-base alloy, titanium, a titanium base
alloy, steel, silver, gold, lead, aluminum, silica, alumina, yttria stabilized zirconia polycrystal,

calcium phosphate, calcium carbonate, calcium fluoride, carbon, cotton, wool and paper.

The invention is also directed to methods of preventing the colonization of a surface
by dormant bacteria, comprising applying a glycopeptide antibiotic to a surface in an amount
sufficient to prevent colonization of the surface by dormant bacteria, wherein the dormant
bacteria is one or more of slow growing bacteria, stationary-phase bacteria and bacteria in

biofilm form.

The invention is further directed to methods of preventing the colonization of a porous
material by dormant bacteria, comprising applying a glycopeptide antibiotic to a porous
material in an amount sufficient to prevent colonization of the porous material by dormant
bacteria, wherein the dormant bacteria is one or more of slow growing bacteria, stationary-

phase bacteria and bacteria in biofilm form.

In embodiments directed to methods of preventing the colonization of a surface or a
porous material, the material comprising the surface or the porous material may be any
material that can be used to form a surface or a porous material. In preferred embodiments,
the material is selected from the group of consisting of polyethylene, polytetrafluoroethylene,
polypropylene, polystyrene, polyacrylamide, polyacrylonitrile, poly(methyl methacrylate),
polyamide, polyester, polyurethane, polycarbornate, silicone, polyvinyl chloride, polyvinyl
alcohol, polyethylene terephthalate, cobalt, a cobalt-base alloy, titanium, a titanium base
alloy, steel, silver, gold, lead, aluminum, silica, alumina, yttria stabilized zirconia polycrystal,

calcium phosphate, calcium carbonate, calcium fluoride, carbon, cotton, wool and paper.

In each of the embodiments the glycopeptide antibiotic may be bound to the surface or

porous material through a non-covalent interaction or a covalent interaction.

In each of the methods of preventing the formation of a biofilm or preventing the
colonization of dormant bacteria, a second antibiotic may be applied concurrent with the
glycopeptide antibiotic. Suitable second antibiotics include fusidic acid, trimethoprim,

sulfadiazine, sulfamethoxazole, a penicillin, a monobactam, a penam, a penem, a clavam, a
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clavem, a carbopenam, a carbopenem, a cepham, a cephem, an oxacepham, an oxacephem, a
carbocepham, a carbocephem, a cephalosporin, tetracycline, a tetracycline derived
antibacterial agent, glycylcycline, a glycylcycline derived antibacterial agent, minocycline, a
minocycline derived antibacterial agent, sancycline, a sancycline derived antibacterial agent,
methacycline, a methacycline derived antibacterial agent, an oxazolidinone antibacterial
agent, an aminoglycoside antibacterial agent, a quinolone antibacterial agent, daptomycin, a
daptomycin derived antibacterial agent, rifamycin, a rifamycin derived antibacterial agent,
rifampin, a rifampin derived antibacterial agent, rifalazil, a rifalazil derived antibacterial
agent, rifabutin, a rifabutin derived antibacterial agent, rifapentin, a rifapentin derived

antibacterial agent, rifaximin and a rifaximin derived antibacterial agent.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Prophylaxis

The invention is additionally generally directed to methods for providing prophylaxis
of an infection caused by dormant bacteria in a subject, comprising administering to a subject
having an infection caused by dormant bacteria an amount of a glycopeptide antibiotic
sufficient to achieve prophylaxis of the infection, wherein the dormant bacteria is one or more
of: (1) slow growing bacteria, (i1) stationary-phase bacteria and (iii) bacteria in biofilm form.
The dormant bacteria may be contacted with the glycopeptide antibiotic in vitro, in vivo

and/or ex vivo.

Preferably, the glycopeptide antibiotic is administered in the form of a pharmaceutical
composition comprising the glycopeptide antibiotic and a pharmaceutically acceptable carrier
or diluent. Preferably, the glycopeptide antibiotic is oritavancin, or a pharmaceutically

acceptable salt, hydrate, or solvate thereof, or a mixture thereof.
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In the preferred embodiments, the glycopeptide antibiotic is administered to the

subject via intravenous administration or oral administration.

In each of the methods of providing prophylaxis of an infection caused by dormant
bacteria, a second antibiotic may be administered concurrent with the glycopeptide antibiotic.
Suitable second antibiotics include fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole,
a penicillin, a monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a
carbopenem, a cepham, a cephem, an oxacepham, an oxacephem, a carbocepham, a
carbocephem, a cephalosporin, tetracycline, a tetracycline derived antibacterial agent,
glycylcycline, a glycylcycline derived antibacterial agent, minocycline, a minocycline derived
antibacterial agent, sancycline, a sancycline derived antibacterial agent, methacycline, a
methacycline derived antibacterial agent, an oxazolidinone antibacterial agent, an
aminoglycoside antibacterial agent, a quinolone antibacterial agent, daptomycin, a
daptomycin derived antibacterial agent, rifamycin, a rifamycin derived antibacterial agent,
rifampin, a rifampin derived antibacterial agent, rifalazil, a rifalazil derived antibacterial
agent, rifabutin, a rifabutin derived antibacterial agent, rifapentin, a rifapentin derived

antibacterial agent, rifaximin and a rifaximin derived antibacterial agent.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a
Staphylococcus species or a Streptococcus species. In further preferred embodiments, the
bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.
Devices

The invention is also generally directed to a surface comprising a glycopeptide
antibiotic in an amount sufficient to inhibit the growth of one or more of (i) slow growing
bacteria, (i1) stationary-phase bacteria and (ii1) bacteria in biofilm form. In one embodiment,
the surface is an inert surface, such as the surface of an in-dwelling medical device. In
preferred embodiments, the surface is coated by or impregnated with the glycopeptide

antibiotic.
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The invention is also generally directed to an in-dwelling medical device coated by or
impregnated with a glycopeptide antibiotic in an amount sufficient to inhibit the growth of
one or more of: (1) slow growing, (ii) stationary-phase and (iii) bacteria in a biofilm form. In
a preferred embodiment, a surface of the in-dwelling medical device is coated by or

impregnated with the glycopeptide antibiotic.

The invention is further generally directed to a porous material comprising a
glycopeptide antibiotic in an amount sufficient to inhibit the growth of one or more of: (i)
slow growing bacteria, (i1) stationary-phase bacteria and (ii1) bacteria in biofilm form. In
preferred embodiments, the surface is coated by or impregnated with the glycopeptide

antibiotic.

The material comprising the surface or the porous material may be any material that
can be used to form a surface or a porous material. In preferred embodiments, the material is
selected from the group of consisting of polyethylene, polytetrafluoroethylene, polypropylene,
polystyrene, polyacrylamide, polyacrylonitrile, poly(methyl methacrylate), polyamide,
polyester, polyurethane, polycarbornate, silicone, polyvinyl chloride, polyvinyl alcohol,
polyethylene terephthalate, cobalt, a cobalt-base alloy, titanium, a titanium base alloy, steel,
silver, gold, lead, aluminum, silica, alumina, yttria stabilized zirconia polycrystal, calcium

phosphate, calcium carbonate, calcium fluoride, carbon, cotton, wool and paper.

In each of the embodiments the glycopeptide antibiotic may be bound to the surface or

porous material through a non-covalent interaction or a covalent interaction.

Preferably, the glycopeptide antibiotic is oritavancin, or a pharmaceutically acceptable

salt, hydrate, or solvate thereof, or a mixture thereof.

The surface or porous material may further comprise a second antibiotic. Suitable
second antibiotics include fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole, a
penicillin, a monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a
carbopenem, a cepham, a cephem, an oxacepham, an oxacephem, a carbocepham, a
carbocephem, a cephalosporin, tetracycline, a tetracycline derived antibacterial agent,
glycylcycline, a glycylcycline derived antibacterial agent, minocycline, a minocycline derived
antibacterial agent, sancycline, a sancycline derived antibacterial agent, methacycline, a

methacycline derived antibacterial agent, an oxazolidinone antibacterial agent, an
18



10

15

20

25

WO 2009/126502 PCT/US2009/039240

aminoglycoside antibacterial agent, a quinolone antibacterial agent, daptomycin, a
daptomycin derived antibacterial agent, rifamycin, a rifamycin derived antibacterial agent,
rifampin, a rifampin derived antibacterial agent, rifalazil, a rifalazil derived antibacterial
agent, rifabutin, a rifabutin derived antibacterial agent, rifapentin, a rifapentin derived

antibacterial agent, rifaximin and a rifaximin derived antibacterial agent.
Uses

The present invention also includes the use of a glycopeptide antibiotic in the
manufacture of a medicament for inhibition, delay of formation, treatment, prophylaxis and/or
prevention of one or more of: a (i) slow growing, (ii) stationary-phase or (iii) biofilm bacterial
infection in a subject or on a surface. Preferably, said glycopeptide antibiotic is oritavancin,

or pharmaceutically acceptable salt, hydrate, or solvate thereof, or a mixture thereof.

The uses of the present invention include the use of a second antibiotic in addition to
the glycopeptide antibiotic. Suitable second antibiotics include fusidic acid, trimethoprim,
sulfadiazine, sulfamethoxazole, a penicillin, a monobactam, a penam, a penem, a clavam, a
clavem, a carbopenam, a carbopenem, a cepham, a cephem, an oxacepham, an oxacephem, a
carbocepham, a carbocephem, a cephalosporin, tetracycline, a tetracycline derived
antibacterial agent, glycylcycline, a glycylcycline derived antibacterial agent, minocycline, a
minocycline derived antibacterial agent, sancycline, a sancycline derived antibacterial agent,
methacycline, a methacycline derived antibacterial agent, an oxazolidinone antibacterial
agent, an aminoglycoside antibacterial agent, a quinolone antibacterial agent, daptomycin, a
daptomycin derived antibacterial agent, rifamycin, a rifamycin derived antibacterial agent,
rifampin, a rifampin derived antibacterial agent, rifalazil, a rifalazil derived antibacterial
agent, rifabutin, a rifabutin derived antibacterial agent, rifapentin, a rifapentin derived

antibacterial agent, rifaximin and a rifaximin derived antibacterial agent.

In each embodiment, the slow growing, stationary-phase or biofilm bacteria is any
bacterial species that can exist in a slow growing or stationary-phase, or that can form a
biofilm. In preferred embodiments, the bacteria is Staphylococcus aureus, Staphylococcus
epidermidis, a vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, a

Staphylococcus species or a Streptococcus species. In further preferred embodiments, the

19



WO 2009/126502 PCT/US2009/039240

bacteria is selected from the group consisting of vancomycin (VAN)-susceptible

Enterococcus faecalis (VSE), VAN-resistant E. faecalis (VRE), and Staph. epidermidis.

The glycopeptide antibiotics for use in all aspects of the present invention include

those of Formula I;

/R1
X 0]
O O
R, 1
¢ R
2
o 0 311
e
R8 R® R10
5 R® RO Formula I

as well as pharmaceutically acceptable salts, hydrates and solvates thereof, and mixtures
thereof, wherein:

R' is one of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl,

10  aryl, heteroaryl, heterocyclic and -R*-Y-R°~(Z),; or R is a saccharide group optionally
substituted with -R*-Y-R"-(Z)s, R, -C(O)Ry, -R*-R"-(Z),, or -C(O)-R*-Y-R"-(Z),;

R? is hydrogen or a saccharide group optionally substituted with -R*Y-R’-(Z),, R,
-C(O)R', -R*-RP~(Z),, or -C(0)-R*-Y-R"-(Z);;
R? is -ORS, -NRR¢, -O-R*-Y-R(Z)y, -NR*-R*-Y-R’~(Z),, -NRR®, or -O-R";

15 R" is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, -R*-Y-R°~(Z),, -C(O)R" and a saccharide
group optionally substituted with -R*-Y-R-(Z),, R", or -C(0)-R*-Y-R~(Z),, or R* and R’ can
be joined, together with the atoms to which they are attached, to form a heterocyclic ring
optionally substituted with -NR*-R*-Y-R(Z),;

20 R’ is selected from the group consisting of hydrogen, halo, -CH(R®)-NR°R¢,
-CH(R®)-NRR®, -CH(R®)-NR-R*Y-R-(Z),, -CH(R)-R*, and -CH(R®)-NR*-R*-C(0)-R*;
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R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, -R*-Y-R°~(Z),, -C(O)R" and a saccharide
group optionally substituted with -R*Y-R°-(Z),, R, -C(O)R', or -C(0)-R*Y-R"-(Z), or R®
and R® can be joined, together with the atoms to which they are attached, to form a

heterocyclic ring optionally substituted with -NR-R*-Y-R°-(Z)y;

R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, -R*-Y-R°~(Z),, and -C(O)R;

R® is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic and -R*-Y-R°-(Z),;

R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic;

R'%is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic; or R® and R'® are

joined to form -Ar'-O-Ar*-, where Ar' and Ar” are independently arylene or heteroarylene;

R'! is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic, or R' and R*" are
joined, together with the carbon and nitrogen atoms to which they are attached, to form a

heterocyclic ring;

R'? is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic, -C(O)Rd, -C(NH)Rd,
-C(O)NRCRS, -C(0O)ORY, -C(NH)NRR®, -R*-Y -R"-(Z)s, and -C(0)-R-Y-R"~(Z),, or R" and
R'? are joined, together with the nitrogen atom to which they are attached, to form a

heterocyclic ring;
R" is selected from the group consisting of hydrogen or -OR';

21



10

15

20

25

WO 2009/126502 PCT/US2009/039240

R' is selected from hydrogen, -C(O)R* and a saccharide group;

R" is each independently selected from the group consisting of alkylene, substituted

alkylene, alkenylene, substituted alkenylene, alkynylene and substituted alkynylene;

R® is each independently selected from the group consisting of a covalent bond,
arylene, alkylene, substituted alkylene, alkenylene, substituted alkenylene, alkynylene and
substituted alkynylene;

R® is each independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic
and --C(O)R? ;

R¢ is each independently selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic;

R® is cach a saccharide group;

R'is cach independently alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl,

aryl, heteroaryl, or heterocyclic;
R* is an N-linked amino saccharide or an N-linked heterocycle;
X is each independently selected from hydrogen, fluoro, chloro, bromo or iodo;

Y is each independently selected from the group consisting of , -CH,-, oxygen, sulfur,
-S-S-, -NR*®-, -S(0)-, -SO,-, -NRC(0)-, -0S0;-, -OC(0)-, -N(R)SO;-, -C(O)NR*-, -C(0)0O-,
-SO,NR*-, -S0,0-, -P(0)(OR®)0O-, -P(O)(OR*)NR"-, -OP(O)(OR*)O-, -OP(O)(OR*)NR*-,
-0OC(0)0-, -NR*C(0)O-, -NR°C(O)NR°-, -OC(O)NR®-, -C(0)-, and -N(R)SO,NR*-;

Z is each independently selected from hydrogen, aryl, cycloalkyl, cycloalkenyl,

heteroaryl, heterocyclic; or a saccharide;

x1s 1 or 2; and
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2T

2™ is selected from 2> or

In particular, the glycopeptide antibiotics of Formula I include teicoplanin,

dalbavancin and telavancin.

In an alternative embodiment, the glycopeptide antibiotics of Formula I exclude one or
more of the following specific glycopeptide antibiotics: glycopeptide A35512 A, glycopeptide
A35512 C, glycopeptide A35512 E, glycopeptide A35512 F, glycopeptide A35512 G,
glycopeptide A35512 H, glycopeptide A40926 A, glycopeptide A40926 B, glycopeptide
A40926 PB, parvodicin B2, parvodicin C1, parvodicin C3, glycopeptide A41030,
glycopeptide A42867, glycopeptide A477, glycopeptide A47934, glycopeptide A51568A, N-
demethylvancomycin, glycopeptide A80407, glycopeptide A83850, glycopeptide A84575,
glycopeptide AB635, glycopeptide AM374, actaplanin, glycopeptide A4696, actinoidin,
ardacin, aricidin, glycopeptide AAD216, avoparcin, glycopeptide LL-AV290, azureomycin,
balhimycin, balhimycin V, chloroorienticin, glycopeptide A82846B, glycopeptide LY264826,
glycopeptide LY307599, chloroeremomycin, chloropeptin, chloropolysporin, complestatin,
dalbavancin, decaplanin, dechlorobalhimycin, dechlorobalhimycin V, chlorobalhimycin,
chlorobromobalhimycin, fluorobalhimycin, deglucobalhimycin, N-demethylbalhimycin, N-
demethylvancomycin, devancosaminyl-vancomycin, eremomycin, galacardin, helvecardin,
izupeptin, kibdelin, kistamicin, mannopeptin, methylbalhimycin, glycopeptide MM47761,
glycopeptide MM47766, glycopeptide MM47767, glycopeptide MM49721, glycopeptide
MM49727, glycopeptide MM 55256, glycopeptide MM55260, glycopeptide MM55266,
glycopeptide MM55268, glycopeptide MM55270, glycopeptide MM55272, glycopeptide
MM56597, glycopeptide MM 56598, nogabecin F, compound OA7653, orienticin,
dechloroeremomycin, glycopeptide PA42867, glycopeptide PA45052, parvodicin, rhamnosyl-
balhimycin, ristocetin, ristomycin, spontin, symnonicin, teichomycin, teicoplanin, teicoplanin
A,-1, teicoplanin A,-2, teicoplanin A,-3, teicoplanin A,-4, teicoplanin A,-5, teicoplanin Rg-1,
teicoplanin Rg-2, teicoplanin Rg-3, teicoplanin Rg-4, telavancin, ureido-balhimycin,
vancomycin, N-decylaminoethylvancomycin, N-(4-phenylbenzyl)vancomycin, N-(4-(4-

chlorophenyl)benzyl)vancomycin and [w[CH,NH]Tpg*]vancomycin.

23



10

15

WO 2009/126502 PCT/US2009/039240

As a subset of Formula I, the glycopeptide antibiotics of the present invention also

include those of Formula II:

\\\\\\\H

2
\‘\\\\\R

R3
HO

ORS® Formula 11

as well as pharmaceutically acceptable salts, hydrates and solvates thereof, and mixtures
thereof, wherein:

X and Y are each independently hydrogen or chloro;

R is hydrogen, 4-epi-vancosaminyl, actinosaminyl, ristosaminyl, or a group of the
formula -R“R’, wherein R” is 4-epi-vancosaminyl, actinosaminyl, or ristosaminyl, and R",
defined below, is attached to the amino group of R

R' is hydrogen or mannose;

R’ is -NH,, -NHCHa, -N(CHs),, -NHR, or -N(CH3)R ", wherein R” is defined
below;

R’ is -CH,CH(CHj),, [p-OH, m-Cl]phenyl, p-rhamnosyloxyphenyl, p-(thamnosyl-
galactosyloxy)-phenyl, [p-galactose-galactose]phenyl, p-(methoxyrhamnosyloxy)phenyl or p-
(methoxyrhamnosyloxy)phenyl;

R* is -CHx(CO)NH,, benzyl, [p-OH]phenyl, or [p-OH, m-Cl]phenyl;

5.
R” is hydrogen, or mannose;
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R’ is 4-epi-vancosaminyl, L-acosaminyl, L-ristosaminyl, or L-actinosaminyl;
R’, as defined below, is attached to the amino group of R®; and
R’, R™, and R are each independently selected from the group consisting of
hydrogen, (C,-C¢)alkenyl, (C,-C12)alkynyl, (Ci-C)5 alkyl)-R®, (C,-C; alkyl)-halo,
(C,-Cs alkenyl)-R®, (C,-Cy alkynyl)-R®, and (C,-C 1, alkyl)-O-R®, provided that R, R, and
R’? are not all hydrogen, and R® is selected from the group consisting of:
a) multicyclic aryl unsubstituted or substituted with one or more substituents
independently selected from the group consisting of:
(i) hydroxy,
(i) halo,
(iii) nitro,
(iv) (C-Cy)alkyl,
(v) (Cy-Cg)alkenyl,
(vi) (C,-Ce)alkynyl,
(vii) (C,-Ce)alkoxy,
(viii) halo-(C,-Cg)alkyl,
(ix) halo-(C;-Ce)alkoxy,
(x) carbo-(C,-Ce)alkoxy,
(xi) carbobenzyloxy,
(xii) carbobenzyloxy substituted with (C;-Ce)alkyl, (C;-Cg)alkoxy, halo, or
nitro,
(xiii) a group of the formula -S(0),-R’, wherein n’ is 0-2 and R is
(C1-Ce)alkyl, phenyl, or phenyl substituted with (C,-Cg)alkyl, (C,-Cg)alkoxy, halo, or
nitro, and
(xiv) a group of the formula -C(O)N(R'), wherein each R substituent is
independently hydrogen, (C;-Cs)-alkyl, (C;-Cs)-alkoxy, phenyl, or phenyl substituted
with (C,-Cg)-alkyl, (C;-Ce)-alkoxy, halo, or nitro;
b) heteroaryl unsubstituted or substituted with one or more substituents independently
selected from the group consisting of:
(i) halo,
(i) (Ci-Coalkyl,
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(iii)) (C;-Cg)alkoxy,

(iv) halo-(C;-Ce)alkyl,

(v) halo-(C;-Cg)alkoxy,

(vi) phenyl,

(vii) thiophenyl,

(viil) phenyl substituted with halo, (C;-Ce)alkyl, (C,-Ce)alkenyl,
(Cy-Co)alkynyl, (C,-Ce)alkoxy, or nitro,

(ix) carbo-(C;-Cg)alkoxy,

(x) carbobenzyloxy,

(xi) carbobenzyloxy substituted with (C;-Ce)alkyl, (C;-Cs)alkoxy, halo, or
nitro,

(xii) a group of the formula -S(0),-R’, as defined above,

(xiii) a group of the formula -C(O)N(R'), as defined above, and

(x1v) thienyl;

¢) a group of the formula:

wherein A' is -OC(A?),-C(A%),-0-, -0-C(A%),-0-, -C(A?),-0-, or
-C(A%)-C(A?),-C(A?),-C(A%);-, and each A” substituent is independently selected from
hydrogen, (C;-Ce)-alkyl, (C,-Ce)alkoxy, and (C4-Cy¢)cycloalkyl;

d) a group of the formula:

—/(R11)p

\__/

wherein p is from 1 to 5; and R is independently selected from the group consisting of:
(i) hydrogen,
(i) nitro,
(i) hydroxy,
(iv) halo,
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(v) (Ci-Cy)alkyl,
(vi) (C,-Cy)alkoxy,
(vii) (Co-Cyp)alkyl,
(viii) (C2-Co)alkynyl,
5 (ix) (Co-Cip)alkoxy,
(x) (C;-Cj)alkoxy substituted with (C;-Cs)alkoxy, hydroxy,
halo(C;-Cs)alkoxy, or (C;-Cs)alkylthio,

(x1)  (Cy-Cs)alkenyloxy,
(xi1) (C;-Ci3)alkynyloxy

10 (xiii) halo-(C;-Ce)alkyl,
(xiv) halo-(C;-Ce)alkoxy,
(xv) (Cy-Ce)alkylthio,
(xvi) (Cy-Cjp)alkanoyloxy,
(xvii) carboxy-(C,-Cy)alkenyl,

15 (xviii) (C;-Cs)alkylsulfonyloxy,
(xix) carboxy-(C;-Cs)alkyl,
(xx) N-[di(C;-C3)-alkyl]amino-(C;-Cs)alkoxy,
(xxi) cyano-(C;-Ce)alkoxy, and
(xxii) diphenyl-(C,-Cg)alkyl,

20 with the proviso that when R'! is (C1-Cg)alkyl, (C;-Cs)alkoxy, or halo, p must be

greater or equal to 2, or when R’ is (C;-Cs alkyl)-R® then R'! is not hydrogen, (C;-Cs)alkyl,
(C;1-Cyg)alkoxy, or halo;

¢) a group of the formula:

N (R12)q
| &(Z-R“)r
F
25
wherein q is 0 to 4; R'? is independently selected from the group consisting of:
(i) halo,
(i1) nitro,
(iii) (C;-Ce)alkyl,
30 (iv) (C,-Cy)alkoxy,
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(v) halo-(C;-Cg)alkyl,

(vi) halo-(C;-Cg)alkoxy,

(vil) hydroxy, and

(vii) (C,-Ce)thioalkyl,

ris 1 to 5; provided that the sum of q and r is no greater than 5;
Z is selected from the group consisting of:

(i) asingle bond,

(i1) divalent (C;-Ce)alkyl unsubstituted or substituted with hydroxy,
(C1-Co)alkyl, or (C;-Cp)alkoxy,

(ii1) divalent (C,-Ce)alkenyl,

(iv) divalent (C,-Ce)alkynyl, and

(v) a group of the formula -(C(R'*"),)s-R"*- or -RP-(C(R'*),),-, wherein s is
0-6; wherein each R'* substituent is independently selected from hydrogen,
(C1-Ce)-alkyl, or (C4-Cig)cycloalkyl; and R" is selected from -O-, -S-, -SO-, -SO,-,
-S0,-0-, -C(0)-, -OC(0)-, -C(0)O-, -NH-, -N(C,;-C; alkyl)-, and -C(O)NH-,
-NHC(O)-, N=N;
R" is independently selected from the group consisting of:

(1) (C4-Cyp)heterocyclyl,

(i1) heteroaryl,

(ii1) (C4-Cyp)cycloalkyl unsubstituted or substituted with (C;-Cs)alkyl, and

(iv) phenyl unsubstituted or substituted with 1 to 5 substituents independently
selected from: halo, hydroxy, nitro, (C;-C¢)alkyl, (C,-C,¢)alkoxy,
halo-(C,-C3)alkoxy, halo-(C;-Cs)alkyl, (C;-Cs)alkoxyphenyl, phenyl,
phenyl-(C;-Cs)alkyl, (C;-Ce)alkoxyphenyl, phenyl-(C,-Cs)alkynyl, and
(C1-Ce)alkylphenyl;

f) (C4-Cyp)cycloalkyl unsubstituted or substituted with one or more substituents

independently selected from the group consisting of:

(1) (C;-Ce)alkyl,

(i) (C,-Cg)alkoxy,
(iii)) (C,-Cg)alkenyl,
(iv) (C,-Ce)alkynyl,
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(v) (C4-Cyp)cycloalkyl,

(vi) phenyl,

(vii) phenylthio,

(viii) phenyl substituted by nitro, halo, (C;-Cs)alkanoyloxy, or
carbocycloalkoxy, and

(ix) a group represented by the formula -Z-R" wherein Z and R"? are as
defined above; and

g) a group of the formula:

\ A3 \

T ——(R™),

A

wherein A® and A* are each independently selected from

(i) abond,

(i) -O-,

(iii) -S(O)-, wherein t is 0 to 2,

(iv) -C(R'"),-, wherein each R'” substituent is independently selected from
hydrogen, (C,-Cg)alkyl, hydroxy, (C,-Cs)alkyl, (C1-Cs)alkoxy, or both R substituents
taken together are O,

(v) -N(R'®),-, wherein each R'® substituent is independently selected from
hydrogen; (C;-Cs)alkyl; (C,-Ce)alkenyl; (C,-Co)alkynyl; (Cs-Co)cycloalkyl; phenyl;
phenyl substituted by nitro, halo, (C;-Cs)alkanoyloxy; or both R'® substituents taken
together are (C4-Cyp)cycloalkyl;

R'%is R or R" as defined above; and u is 0-4.

The glycopeptide antibiotics of the present invention include each of those disclosed

in U.S. Patent No. 5,840,684, incorporated herein by reference in its entirety.

Oritavancin (also termed N-(4-(4-chlorophenyl)benzyl)A82846B and LY 333328) has
the following Formula III:
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Formula II1.

Other specific glycopeptide antibiotics that may be used in the methods disclosed
herein include: glycopeptide A35512 A, glycopeptide A35512 C, glycopeptide A35512 E,
glycopeptide A35512 F, glycopeptide A35512 G, glycopeptide A35512 H, glycopeptide
A40926 A, glycopeptide A40926 B, glycopeptide A40926 PB, parvodicin B2, parvodicin C1,
parvodicin C3, glycopeptide A41030, glycopeptide A42867, glycopeptide A477, glycopeptide
A47934, glycopeptide A51568A, N-demethylvancomycin, glycopeptide A80407,
glycopeptide A83850, glycopeptide A84575, glycopeptide AB65, glycopeptide AM374,
actaplanin, glycopeptide A4696, actinoidin, ardacin, aricidin, glycopeptide AAD216,
avoparcin, glycopeptide LL-AV290, azureomycin, balhimycin, balhimycin V,
chloroorienticin, glycopeptide A82846B, glycopeptide LY264826, glycopeptide LY 307599,
chloroeremomycin, chloropeptin, chloropolysporin, complestatin, dalbavancin, decaplanin,
dechlorobalhimycin, dechlorobalhimycin V, chlorobalhimycin, chlorobromobalhimycin,
fluorobalhimycin, deglucobalhimycin, N-demethylbalhimycin, N-demethylvancomycin,
devancosaminyl-vancomycin, eremomycin, galacardin, helvecardin, izupeptin, kibdelin,
kistamicin, mannopeptin, methylbalhimycin, glycopeptide MM47761, glycopeptide
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MM47766, glycopeptide MM47767, glycopeptide MM49721, glycopeptide MM49727,
glycopeptide MM55256, glycopeptide MM55260, glycopeptide MM 55266, glycopeptide
MM55268, glycopeptide MM 55270, glycopeptide MM55272, glycopeptide MM56597,
glycopeptide MM56598, nogabecin F, compound OA7653, orienticin, dechloroeremomycin,
glycopeptide PA42867, glycopeptide PA45052, parvodicin, rhamnosyl-balhimycin, ristocetin,
ristomycin, spontin, symnonicin, teichomycin, teicoplanin, teicoplanin A,-1, teicoplanin A,-2,
teicoplanin A,-3, teicoplanin A;-4, teicoplanin A,-5, teicoplanin Rg-1, teicoplanin Rg-2,
teicoplanin Rg-3, teicoplanin Rg-4, telavancin, ureido-balhimycin, vancomycin, N-
decylaminoethylvancomycin, N-(4-phenylbenzyl)vancomycin, N-(4-(4-
chlorophenyl)benzyl)vancomycin and [w[CH,NH]Tpg*]vancomycin.

The alkyl substituents recited herein denote substituted or unsubstituted, straight or
branched chain hydrocarbons of the length specified. The term “alkenyl” refers to a
substituted or unsubstituted, straight or branched alkenyl chain of the length specified herein.
The term “alkynyl” refers to a substituted or unsubstituted, straight or branched alkynyl chain

of the length specified herein.

The alkoxy substituents recited herein represent an alkyl group attached through an
oxygen bridge. The term “alkenoxy” represents an alkenyl chain of the specified length

attached to an oxygen atom.

The term “multicyclic aryl” means a stable, saturated or unsaturated, substituted or
unsubstituted, 9 to 10 membered organic fused bicyclic ring; a stable, saturated or
unsaturated, substituted or unsubstituted 12 to 14 membered organic fused tricyclic ring; or a
stable, saturated or unsaturated, substituted or unsubstituted 14 to 16 membered organic fused
tetracyclic ring. The bicyclic ring may have 0 to 4 substituents, the tricyclic ring may have 0
to 6 substituents, and the tetracyclic ring may have 0 to 8 substituents. Typical multi-cyclic

aryls include fluorenyl, napthyl, anthranyl, phenanthranyl, biphenylene and pyrenyl.

The term “heteroaryl” represents a stable, saturated or unsaturated, substituted or
unsubstituted, 4 to 7 membered organic monocyclic ring having a hetero atom selected from
S, O, and N; a stable, saturated or unsaturated, substituted or unsubstituted, 9 to 10 membered
organic fused bicyclic ring having 1 to 2 hetero atoms selected from S, O, and N; or a stable,

saturated or unsaturated, substituted or unsubstituted, 12 to 14 membered organic fused
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tricyclic ring having a hetero atom selected from S, O, and N. The nitrogen and sulfur atoms
of these rings are optionally oxidized, and the nitrogen hetero atoms are optionally
quarternized. The monocyclic ring may have 0 to 5 substituents. The bicyclic ring may have 0
to 7 substituents, and the tricyclic ring may have 0 to 9 substituents. Typical heteroaryls
include quinolyl, piperidyl, thienyl, piperonyl, oxafluorenyl, pyridyl and benzothienyl and the
like.

The term “(C4-Cip)cycloalkyl” embraces substituents having from four to ten carbon
atoms, such as cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl which may be
unsubstituted or substituted with substituents such as alkyl and phenyl. This term also
embraces Cs to Cyg cycloalkenyl groups such as cyclopentenyl and cyclohexenyl. The term
“(C4-Cp)cycloalkyl” also embraces bicyclic and tricyclic cycloalkyls such as bicyclopentyl,
bicylohexyl, bicycloheptyl, and adamantyl.

The term “alkanoyloxy” represents an alkanoyl group attached through an oxygen
bridge. These substituents may be substituted or unsubstituted, straight, or branched chains of

the specified length.

The term “cyano-(C;-Cs) alkoxy” represents a substituted or unsubstituted, straight or
branched alkoxy chain having from one to six carbon atoms with a cyano moiety attached to
it.

The term “divalent (C;-Cs) alkyl” represents an unsubstituted or substituted, straight
or branched divalent alkyl chain having from one to six carbon atoms. Typical divalent (C;-
Cs) alkyl groups include methylene, ethylene, propylene, isopropylene, butylene, isobutylene,
secbutylene, t-butylene, pentylene, neo-pentylene, and hexylene. Such divalent (C;-Cs) alkyl
groups may be substituted with substituents such as alkyl, alkoxy, and hydroxy.

The term “divalent (C,-Ces)alkenyl” represents a straight or branched divalent alkenyl
chain having from two to six carbon atoms. Typical divalent (C,-Cs) alkenyl include ethenyl,

1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl and the like.

The term “divalent (C,-Cs) alkynyl” represents a straight or branched divalent alkynyl
chain having from two to six carbon atoms. Typical divalent (C,-Cs) alkynyl include

ethynylene, 1-propynylene, 2-propynylene, 1-butynylene, 2-butynylene and the like.
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The term “halo” represents chloro, fluoro, bromo or iodo.

The term “halo-(C,-Ce)alkyl” represents a straight or branched alkyl chain having

from one to six carbon atoms with from 0 to 3 halogen atoms attached to each carbon.

Typical halo-(C;-Cy) alkyl groups include chloromethyl, 2-bromoethyl, 1-
chloroisopropyl, 3-fluoropropyl, 2,3-dibromobutyl, 3-chloroisobutyl, iodo-t-butyl,
trifluoromethyl, and the like.

The term “halo-(C;-Ce)alkoxy” represents a straight or branched alkoxy chain having

from one to six carbon atoms with from 0 to 3 halogen atoms attached to each carbon.

Typical halo-(C;-C) alkoxy groups include chloromethoxy, 2-bromoethoxy, 1-
chloroisopropoxy, 3-fluoropropoxy, 2,3-dibromobutoxy, 3-chloroisobutoxy, iodo-t-butoxy,

trifluoromethoxy, and the like.

The term “heterocyclyl” embraces saturated groups having three to ten ring members
and which heterocyclic ring contains a hetero atom selected from oxygen, sulfur and nitrogen,
examples of which are piperazinyl, morpholino, piperdyl, methylpiperdyl, azetidinyl, and

aziridinyl.

The glycopeptide antibiotics of the present invention, including oritavancin, may be
used per se or in the form of a pharmaceutically acceptable salt, hydrate, solvate, or mixtures
thereof. The term “pharmaceutically acceptable salt” refers to non-toxic acid addition salts

derived from inorganic and organic acids.

Acids commonly employed to form acid addition salts are inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the
like, and organic acids such as p-toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-
bromophenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic acid, acetic acid,
and the like. Base addition salts include those derived from inorganic bases, such as
ammonium or alkali or alkaline earth metal hydroxides, carbonates, bicarbonates, and the like.
Such bases useful in preparing the salts of this invention thus include sodium hydroxide,
potassium hydroxide, ammonium hydroxide, potassium carbonate, sodium carbonate, sodium
bicarbonate, potassium bicarbonate, calcium hydroxide, calcium carbonate, and the like. The

potassium and sodium salt forms are particularly preferred.
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It should be recognized that the particular counter-ion forming a part of any salt of this
invention is not of a critical nature, so long as the salt as a whole is pharmacologically
acceptable and as long as the counter-ion does not contribute undesired qualities to the salt as

a whole.

Means for the preparation of the glycopeptide antibiotics, including oritavancin and
analogs thercof, may be found, for example, in U.S. Patent No. 5,840,684, incorporated herein

by reference in its entirety.

As used herein, a “subject” refers to an animal, such as a mammal, preferably a
human. The subject may have a slow growing, stationary-phase or biofilm bacterial infection,
may be at risk for developing a slow growing, stationary-phase or biofilm bacterial infection,
or may be at greater risk than the general population for developing a slow growing,
stationary-phase or biofilm bacterial infection. Examples of subjects having a higher risk for
developing a slow growing, stationary-phase or biofilm bacterial infection include those

subjects having an in-dwelling medical device.

The methods of the present invention include those performed in vivo, in vitro or ex
vivo. The in vitro methods are exemplified by, but not limited to, methods performed in a
laboratory setting, such as in a cell culture, as well as methods performed on inert objects,
such as laboratory or hospital equipment or in-dwelling medical devices, and on surfaces such
as countertops and bench tops. The ex vivo methods are exemplified by, but not limited to,
methods performed on the surface of the human body, such as on the skin in general. The in
vivo methods are exemplified by, but not limited to, methods of treatment, prevention,
propylaxis, delay, or inhibition of infections on or within an animal body, such as on or in an
opening into the body, whether naturally occurring or medically created, such as for the
placement of an in-dwelling medical device, or a wound in the skin, on or in a tissue, on or in

organ, on or in system, or in a fluid of the body of a subject.

The methods of the present invention include both those where one or more
glycopeptide antibiotics are used, as well as those where pharmaceutical compositions
comprising one or more glycopeptide antibiotics are used. The pharmaceutical compositions
of the present invention comprise one or more glycopeptide antibiotics, and one or more of a

carrier, diluent and excipient. Suitable carriers, diluents and excipients are well known to
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those skilled in the art and include saline, buffered saline, dextrose (e.g., 5% dextrose in
water), water, glycerol, ethanol, propylene glycol, polysorbate 80 (Tween-80™), 0.002%
polysorbate 80 (Tween-80™), poly(ethylene)glycol 300 and 400 (PEG 300 and 400),
PEGylated castor oil (e.g. Cremophor EL), poloxamer 407 and 188, hydrophilic and
hydrophobic carriers, and combinations thercof. Hydrophobic carriers include, for example,
fat emulsions, lipids, PEGylated phospholids, polymer matrices, biocompatible polymers,
lipospheres, vesicles, particles, and liposomes. The terms specifically exclude cell culture

medium.

Excipients included in a formulation have different purposes depending, for example
on the nature of the drug, and the mode of administration. Examples of generally used
excipients include, without limitation: stabilizing agents, solubilizing agents and surfactants,
buffers, antioxidants and preservatives, tonicity agents, bulking agents, lubricating agents,
emulsifiers, suspending or viscosity agents, inert diluents, fillers, disintegrating agents,
binding agents, wetting agents, lubricating agents, antibacterials, chelating agents, sweeteners,
perfuming agents, flavouring agents, coloring agents, administration aids, and combinations

thereof.

The compositions may contain common carriers and excipients, such as cornstarch or
gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, mannitol, dicalcium phosphate,

sodium chloride, alginic acid, croscarmellose sodium, and sodium starch glycolate.

The particular carrier, diluent or excipient used will depend upon the means and

purpose for which the active ingredient is being applied.

Pharmaceutically acceptable excipients also include tonicity agents that make the
composition compatible with blood. Tonicity agents are particularly desirable in injectable

formulations.

The pharmaceutical compositions and glycopeptide antibiotics of the present invention
may be formulated, for example, for oral, sublingual, intranasal, intraocular, rectal,
transdermal, mucosal, topical or parenteral administration. Parenteral modes of
administration include without limitation, intradermal, subcutaneous (s.c., s.q., sub-Q, Hypo),
intramuscular (i.m.), intravenous (i.v.), intraperitoneal (i.p.), intra-arterial, intramedulary,

intracardiac, intra-articular (joint), intrasynovial (joint fluid area), intracranial, intraspinal, and
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intrathecal (spinal fluids). Any known device useful for parenteral injection or infusion of

drug formulations can be used to effect such administration.

Formulations for parenteral administration can be in the form of aqueous or non-
aqueous isotonic sterile injection solutions, suspensions or fat emulsions. The parenteral form
used for injection must be fluid to the extent that easy syringability exists. These solutions or

suspensions can be prepared from sterile concentrated liquids, powders or granules.

Excipients used in parenteral preparations also include, without limitation, stabilizing
agents (e.g. carbohydrates, amino acids and polysorbates, such as 5% dextrose), solubilizing
agents (e.g. cetrimide, sodium docusate, glyceryl monooleate, polyvinylpyrolidone (PVP) and
polyethylene glycol (PEG)), surfactants (e.g. polysorbates, tocopherol PEG succinate,
poloxamer and Cremophor™), buffers (e.g. acetates, citrates, phosphates, tartrates, lactates,
succinates, amino acids and the like), antioxidants and preservatives (¢.g. BHA, BHT, gentisic
acids, vitamin E, ascorbic acid, sodium ascorbate and sulfur containing agents such as sulfites,
bisulfites, metabisulfites, thioglycerols, thioglycolates and the like), tonicity agents (for
adjusting physiological compatibility), suspending or viscosity agents, antibacterials (e.g.
thimersol, benzethonium chloride, benzalkonium chloride, phenol, cresol and chlorobutanol),
chelating agents, and administration aids (e.g. local anesthetics, anti-inflammatory agents,
anti-clotting agents, vaso-constrictors for prolongation and agents that increase tissue

permeability), and combinations thereof.

Parenteral formulations using hydrophobic carriers include, for example, fat emulsions
and formulations containing lipids, lipospheres, vesicles, particles and liposomes. Fat
emulsions include in addition to the above-mentioned excipients, a lipid and an aqueous
phase, and additives such as emulsifiers (e.g. phospholipids, poloxamers, polysorbates, and
polyoxyethylene castor oil), and osmotic agents (e.g. sodium chloride, glycerol, sorbitol,
xylitol and glucose). Liposomes include natural or derived phospholipids and optionally

stabilizing agents such as cholesterol.

In another embodiment, the parenteral unit dosage form of glycopeptide antibiotics
can be a ready-to-use solution of the glycopeptide antibiotic in a suitable carrier in sterile,
hermetically sealed ampoules or in sterile pre-loaded syringes. The suitable carrier optionally

comprises any of the above-mentioned excipients.
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Alternatively, the unit dosage of the glycopeptide antibiotics of the present invention
can be in a concentrated liquid, powder or granular form for ex tempore reconstitution in the
appropriate pharmaceutically acceptable carrier at the time of delivery. In addition to the
above-mentioned excipients, powder forms optionally include bulking agents (e.g. mannitol,
glycine, lactose, sucrose, trehalose, dextran, hydroxyethyl starch, ficoll and gelatin), and cryo

or lyoprotectants.

In intravenous (IV) use, a sterile formulation of the pharmaceutical compositions of
the present invention and optionally one or more additives, including solubilizers or
surfactants, can be dissolved or suspended in any of the commonly used intravenous fluids
and administered by infusion. Intravenous fluids include, without limitation, physiological

saline, phosphate buffered saline, 5% dextrose or Ringer’s™ solution.

In intramuscular preparations, a sterile formulation of the pharmaceutical
compositions of the present invention can be dissolved and administered in a pharmaceutical
diluent such as Water-for-Injection (WFI), physiological saline or 5% dextrose. A suitable
insoluble form of the pharmaceutical compositions may be prepared and administered as a
suspension in an aqueous base or a pharmaceutically acceptable oil base, e.g. an ester of a

long chain fatty acid such as ethyl oleate.

For oral use, the oral pharmaceutical composition may be made in the form of a unit
dosage containing a therapeutically-effective amount of the pharmaceutical compositions.
Solid formulations such as tablets and capsules are particularly useful. Sustained released or
enterically coated preparations may also be devised. For pediatric and geriatric applications,
suspension, syrups and chewable tablets are especially suitable. For oral administration, the
pharmaceutical compositions are in the form of, for example, tablets, capsules, suspensions or
liquid syrups or elixirs, wafers and the like. For general oral administration, excipient or
additives include, but are not limited to inert diluents, fillers, disintegrating agents, binding
agents, wetting agents, lubricating agents, sweetening agents, flavoring agents, coloring

agents and preservatives.

For therapeutic purposes, the tablets and capsules can contain, in addition to the
glycopeptide antibiotics, conventional carriers such as: inert diluents (e.g., sodium and

calcium carbonate, sodium and calcium phosphate, and lactose), binding agents (e.g., acacia
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gum, starch, gelatin, sucrose, polyvinylpyrrolidone (Povidone), sorbitol, tragacanth
methylcellulose, sodium carboxymethylcellulose, hydroxypropyl methylcellulose, and
ethylcellulose), fillers (e.g., calcium phosphate, glycine, lactose, maize-starch, sorbitol, or
sucrose), wetting agents, lubricating agents (e.g., metallic stearates, stearic acid, polyethylene
glycol, waxes, oils, silica and colloical silica, silicon fluid or talc), disintegrating agents (e.g.,
potato starch, corn starch and alginic acid), flavouring (e.g. peppermint, oil of wintergreen,
fruit flavoring, cherry, grape, bubblegum, and the like), and coloring agents. Carriers may
also include coating excipients such as glyceryl monostearate or glyceryl distearate, to delay

absorption in the gastrointestinal tract.

In a particular oral formulation, the glycopeptide antibiotics of the present invention
may be in the form of a capsule containing the glycopeptide antibiotic, gelatin, iron oxide,
polyethylene glycol, titanium dioxide, and one or more other inactive ingredients. Suitable
amounts of the glycopeptide antibiotic in the capsule may range from 10 to 1000 mg, with
preferred amounts including 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450 or
500 mg of the glycopeptide antibiotic.

Oral liquid preparations, generally in the form of aqueous or oily solutions,
suspensions, emulsions or elixirs, may contain conventional additives such as suspending
agents, emulsifying agents, non-aqueous agents, preservatives, coloring agents and flavoring
agents. Examples of additives for liquid preparations include acacia, almond oil, ethyl
alcohol, fractionated coconut oil, gelatin, glucose syrup, glycerin, hydrogenated edible fats,
lecithin, methyl cellulose, microcrystalline cellulose, methyl or propyl para-hydroxybenzoate,

propylene glycol, sorbitol, or sorbic acid.

For topical use, the pharmaceutical compositions of present invention can also be
prepared in suitable forms to be applied to the skin, or mucus membranes of the nose and
throat, and can take the form of creams, ointments, nasal drops, liquid sprays or inhalants,
lozenges, or throat paints. Such topical formulations further can include chemical compounds
such as dimethylsulfoxide (DMSO) to facilitate surface penetration of the active ingredient.
For application to the eyes or ears, the pharmaceutical compositions can be presented in liquid
or semi-liquid form formulated in hydrophobic or hydrophilic bases as ointments, creams,

lotions, paints or powders. For rectal administration the pharmaceutical compositions can be
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administered in the form of suppositories admixed with conventional carriers such as cocoa

butter, wax or other glyceride.

EE TS 2% e

The term “dose”, “unit dose”, “unit dosage”, or “effective dose” refers to physically
discrete units that contain a predetermined quantity of active ingredient calculated to produce

a desired therapeutic effect.

Each of (i) an amount sufficient to inhibit the growth of a dormant bacteria, (ii) a
therapeutically effective amount of the glycopeptide antibiotic, (iii) an amount of a
glycopeptide antibiotic sufficient to prevent an infection, (iv) an amount of a glycopeptide
antibiotic sufficient to prevent biofilm formation, and (v) an amount of a glycopeptide
antibiotic sufficient to achieve prophylaxis of an infection, will vary depending upon the
physical characteristics of the patient, the severity of the patient’s symptoms, the formulation
and the means used to administer the drug, the location of the bacteria or infection, and the
identity of the bacteria. The specific dose for a given patient is usually set by the judgment of
the attending physician. However, in each case the amount of the glycopeptide antibiotic
administered will typically be between about 0.5 mg/kg body weight to about 500 mg/kg body
weight, preferably from about 1 to about 100 mg/kg, more preferably from about 3 to about
50 mg/kg, regardless of the formulation. In equally preferred embodiments, the amount of the
glycopeptide antibiotic administered is about 3, 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 mg/kg
body weight, regardless of the formulation. In some situations, a dose less than about 0.5

mg/kg body weight may be effective.

Each of (i) an amount of glycopeptide antibiotic sufficient to inhibit the formation of a
biofilm on a surface, (i) an amount of glycopeptide antibiotic sufficient to delay the
formation of a biofilm on a surface, (iii) an amount of a glycopeptide antibiotic sufficient to
prevent colonization of a surface by a dormant bacteria, and (iv) an amount of a glycopeptide
antibiotic sufficient to prevent colonization of a porous material by a dormant bacteria, will
varying depending on the physical properties of the surface or porous material to which the
glycopeptide antibiotic is applied, the location of the surface or porous material, the
formulation and the means used to apply the glycopeptide antibiotic, the location of the
biofilm or dormant bacteria, and the identity of the dormant bacteria or the bacteria forming

the biofilm. However, the concentration of glycopeptide antibiotic sufficient to inhibit or
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delay the formation or colonization of a dormant bacteria or a biofilm on a surface or porous
material will typically be between about 10 ug/ml to about 500 mg/ml of a glycopeptide
antibiotic. In particular embodiments, more specific ranges of concentrations of the
glycopeptide antibiotic may be used, including: about 10 ug/ml to about 1 mg/ml, about 1
mg/ml to about 100 mg/ml, about 10 mg/ml to about 500 mg/ml, about 50 mg/ml to about 200
mg/ml, about 10 mg/ml to about 100 mg/ml, about 100 mg/ml to about 500 mg/ml. In
particular embodiments, specific concentrations of the glycopeptide antibiotic may be used,
including: about 10 ug/ml, about 50 ug/ml, about 100 ug/ml, about 250 ug/ml, about 500
ug/ml, about 750 ug/ml, about 1 mg/ml, about 5 mg/ml, about 10 mg/ml, about 15 mg/ml,
about 20 mg/ml, about 25 mg/ml, about 30 mg/ml, about 40 mg/ml, about 50 mg/ml, about 75
mg/ml, about 100 mg/ml, about 250 mg/ml, about 500 mg/ml, about 600 mg/ml, about 750
mg/ml, and about 900 mg/ml.

Suitable frequencies of administration or application may vary based on whether
administration or application is for the purposes of inhibition, delay of formation, treatment,
prophylaxis or prevention. Administration frequencies for the treatment of a subject having a
slow growing, stationary-phase or biofilm bacterial infection, or for use in delay of formation,
prophylaxis or prevention of such an infection, include 4 times per day, 3 times per day, 2
times per day or once daily, every other day, every third day, every fourth day, every fifth
day, every sixth day, once weekly, every eight days, every nine days, every ten days, bi-
weekly, monthly and bi-monthly. Administration or application may also be limited to a

single administration or application.

In further embodiments, one or more additional (second) antibacterial agents may be
used in combination with the glycopeptide antibiotics in each of the methods of inhibition,
treatment, prevention and prophylaxis of the present invention. For example, the methods of
inhibiting the growth of dormant bacteria in a subject or the methods of treating an infection
caused by dormant bacteria in a subject may include the concurrent administration of a second
antibacterial agent with the glycopeptide antibiotic. The skilled artisan will understand that
concurrent administration includes administration of the glycopeptide antibiotic and second
antibacterial agent at the same time or serially but during the same course of administration.
The second antibiotic may be selected from the group consisting of fusidic acid, trimethoprim,

sulfadiazine, sulfamethoxazole, a penicillin, a monobactam, a penam, a penem, a clavam, a
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clavem, a carbopenam, a carbopenem, a cepham, a cephem, an oxacepham, an oxacephem, a
carbocepham, a carbocephem, a cephalosporin, tetracycline, a tetracycline derived
antibacterial agent, glycylcycline, a glycylcycline derived antibacterial agent, minocycline, a
minocycline derived antibacterial agent, sancycline, a sancycline derived antibacterial agent,
methacycline, a methacycline derived antibacterial agent, an oxazolidinone antibacterial
agent, an aminoglycoside antibacterial agent, a quinolone antibacterial agent, daptomycin, a
daptomycin derived antibacterial agent, rifamycin, a rifamycin derived antibacterial agent,
rifampin, a rifampin derived antibacterial agent, rifalazil, a rifalazil derived antibacterial
agent, rifabutin, a rifabutin derived antibacterial agent, rifapentin, a rifapentin derived

antibacterial agent, rifaximin and a rifaximin derived antibacterial agent.

2% <

As used herein, the terms “inhibit”, “inhibiting” and “inhibition” have their ordinary
and customary meanings, and include inhibiting the growth or cell divisional of a slow
growing, stationary-phase or biofilm bacteria, as well as killing such bacteria. Thus, the
bacteriostatic and bacteriocidal activities of the glycopeptides of the present invention are
forms of inhibition. Such inhibition is an inhibition of about 1% to about 100% of the growth
of the bacteria versus the growth of bacteria not contacted by the glycopeptide antibiotics of
the present invention. Preferably, the inhibition is an inhibition of about 100%, 99%, 98%,
97%, 96%, 95%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5% or 1% of the growth
of the bacteria versus the growth of bacteria not contacted by the glycopeptide antibiotics of

the present invention.

2% ¢

As used herein, the terms “delaying”, “delay of formation”, and “delaying of
formation” have their ordinary and customary meanings, and are generally directed to
increasing the period of time prior to the formation of biofilm, or a slow growing or
stationary-phase bacterial infection. The delay may be, for example, about 12 hours, about 18
hours, about 24 hours, about 36 hours, about 48 hours, about 60 hours, about 72 hours, about

84 hours, about 96 hours, about 5, 6, 7, 8, 9, or 10 or more days.

As used herein, the terms “treating” and “treatment” have their ordinary and
customary meanings, and include one or more of, ameliorating a symptom of a slow growing,
stationary-phase or biofilm bacterial infection in a subject, blocking or ameliorating a

recurrence of a symptom of a slow growing, stationary-phase or biofilm bacterial infection in
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a subject, decreasing in severity and/or frequency a symptom of a slow growing, stationary-
phase or biofilm bacterial infection in a subject, and stasis, decreasing, or inhibiting growth of
a slow growing, stationary-phase or biofilm bacterial infection in a subject. Treatment means
ameliorating, blocking, reducing, decreasing or inhibiting by about 1% to about 100% versus
a subject to which a pharmaceutical composition or glycopeptide antibiotic of the present
invention has not been administered. Preferably, the ameliorating, blocking, reducing,
decreasing or inhibiting is about 100%, 99%, 98%, 97%, 96%, 95%, 90%, 80%, 70%, 60%,
50%, 40%, 30%, 20%, 10%, 5% or 1% versus a subject to which a pharmaceutical

composition or glycopeptide antibiotic of the present invention has not been administered.

As used herein, the terms “preventing” and “prevention” have their ordinary and
customary meanings, and include one or more of preventing colonization of a slow growing,
stationary-phase or biofilm bacteria in a subject, or on a surface or on a porous material,
preventing an increase in the growth of a population of a slow growing, stationary-phase or
biofilm bacteria in a subject, or on a surface or on a porous material, preventing development
of a disease caused by a slow growing, stationary-phase or biofilm bacteria in a subject, and
preventing symptoms of a disease caused by a slow growing, stationary-phase or biofilm
bacteria in a subject. As used herein, the prevention lasts at least about 0.5, 1, 2, 3,4, 5, 6, 7,
10, 12, 15, 20, 25, 30, 35 40 or more days after administration or application of a

pharmaceutical composition or glycopeptide antibiotic of the present invention.

As used herein, “prophylaxis” includes inhibiting the development of a productive or
progressive infection by a slow growing, stationary-phase or biofilm bacteria in a subject,
where the prophylaxis lasts at least about 0.5, 1, 2, 3, 4, 5, 6, 7, 10, 12, 15, 20, 25, 30, 35, 40
or more days after administration of a pharmaceutical composition or glycopeptide antibiotic
of the present invention. Inhibition against development of a productive or progressive
infection by a slow growing, stationary-phase or biofilm bacteria means that the severity of a
slow growing, stationary-phase or biofilm bacteria infection in a subject is reduced by about
1% to about 100% versus a subject to which a pharmaceutical composition or glycopeptide
antibiotic of the present invention has not been administered. Preferably, the reduction in
severity is about a 100%, 99%, 98%, 97%, 96%, 95%, 90%, 80%, 70%, 60%, 50%, 40%,
30%, 20%, 10%, 5% or 1% reduction in severity. The severity of an infection may be based

on the amount of a slow growing, stationary-phase or biofilm bacteria present in a subject, the
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length of time that a slow growing, stationary-phase or biofilm bacteria can be detected in a
subject, and/or the severity of a symptom of a slow growing, stationary-phase or biofilm

bacterial infection, among other factors.

Each of the methods of inhibition, delay of formation, treatment, prophylaxis and
prevention of a slow growing, stationary-phase or biofilm bacteria of the present invention
may be used as a method for achieving a systemic and/or local effect against relevant bacteria
shortly before an invasive medical treatment, such as surgery or insertion of an in-dwelling
device (e.g. joint replacement (hip, knee, shoulder, etc.)). Treatment may be continued after

invasive medical treatment, such as post-operatively or during the in-body time of the device.

In each instance, the pharmaceutical composition or glycopeptide antibiotic of the
present invention may be administered once, twice, thrice or more, from 1, 2, 3, 4, 5, 6, 7 days
or more, to 10,9, 8,7, 6, 5,4, 3, 2, or 1 hour or less before surgery for permitting an advisable
systemic or local presence of the pharmaceutical composition or glycopeptide antibiotic. The
pharmaceutical composition or glycopeptide antibiotic may be administered after the invasive
medical treatment for a period of time, such as 1, 2, 3, 4, 5 or 6 days, 1, 2, 3 or more weeks, or

for the entire time in which the device is present in the body.

As used herein, the term “bi-weekly” refers to a frequency of every 13-15 days, the
term “monthly” refers a frequency of every 28-31 days and “bi-monthly” refers a frequency

of every 58-62 days.

As used herein, the term “contacting” is meant to broadly refer to bringing a bacterial
cell and a molecule of a glycopeptide antibiotic of the present invention into sufficient
proximity that the glycopeptide antibiotic can exert an effect on the bacterial cell. The
glycopeptide antibiotic may be transported to the location of the bacterial cell, or the
glycopeptide antibiotic may be situated in a location to which the bacterial cell travels or is
brought into contact. The skilled artisan will understand that the term “contacting” includes
physical interaction between a glycopeptide antibiotic and a bacterial cell, as well as

interactions that do not require physical interaction.

The present invention further encompasses surfaces coated by a glycopeptide
antibiotic of the invention, or impregnated with a glycopeptide antibiotic of the present

invention. Such surfaces include any that may come into contact with a slow growing,
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stationary-phase or biofilm bacteria. In one embodiment, such surfaces include any surface
made of an inert material, although surfaces of a living animal are encompassed within the
scope of the invention, including the surface of a counter or bench top, the surface of a piece
of medical or laboratory equipment or a tool, and the surface of in-dwelling medical device.
In a particular embodiment, such surfaces include those of an in-dwelling medical device,
such as surgical implants, orthopedic devices, prosthetic devices and catheters, i.e., devices
that are introduced to the body of an individual and remain in position for an extended time.
Such devices include, but are not limited to, artificial joints, artificial hearts and implants;
valves, such as heart valves; pacemakers; vascular grafts; catheters, such as vascular, urinary
and continuous ambulatory peritoneal dialysis (CAPD) catheters; shunts, such as
cerebrospinal fluid shunts; hoses and tubing; plates; bolts; valves; patches; wound closures,

including sutures and staples; dressings; and bone cement.

The present invention also encompasses porous materials to which the glycopeptide

antibiotics of the present invention are applied, coated or impregnated.

The material comprising the surface or the porous material may be any material that
can be used to form a surface or a porous material. In preferred embodiments, the material is
selected from the group of consisting of polyethylene, polytetrafluoroethylene, polypropylene,
polystyrene, polyacrylamide, polyacrylonitrile, poly(methyl methacrylate), polyamide,
polyester, polyurethane, polycarbornate, silicone, polyvinyl chloride, polyvinyl alcohol,
polyethylene terephthalate, cobalt, a cobalt-base alloy, titanium, a titanium base alloy, steel,
silver, gold, lead, aluminum, silica, alumina, yttria stabilized zirconia polycrystal, calcium

phosphate, calcium carbonate, calcium fluoride, carbon, cotton, wool and paper.

In each of the embodiments the glycopeptide antibiotic may be bound to the surface or

porous material through a non-covalent interaction or a covalent interaction.

According to one embodiment, the surface or porous material is coated by a solution,
such as through bathing or spraying, containing a concentration of about 10 ug/ml to about
500 mg/ml of a glycopeptide antibiotic of the present invention. In particular embodiments,
more specific ranges of concentrations of the glycopeptide antibiotic may be used, including:
about 10 ug/ml to about 1 mg/ml, about 1 mg/ml to about 100 mg/ml, about 10 mg/ml to
about 500 mg/ml, about 50 mg/ml to about 200 mg/ml, about 10 mg/ml to about 100 mg/ml,
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about 100 mg/ml to about 500 mg/ml. In particular embodiments, specific concentrations of
the glycopeptide antibiotic may be used, including: about 10 ug/ml, about 50 ug/ml, about 100
ug/ml, about 250 ug/ml, about 500 ug/ml, about 750 ug/ml, about 1 mg/ml, about 5 mg/ml,
about 10 mg/ml, about 15 mg/ml, about 20 mg/ml, about 25 mg/ml, about 30 mg/ml, about 40
mg/ml, about 50 mg/ml, about 75 mg/ml, about 100 mg/ml, about 250 mg/ml, about 500
mg/ml, about 600 mg/ml, about 750 mg/ml, and about 900 mg/ml. When being applied to an
in-dwelling medical device, the surface may be coated by the solution containing a

glycopeptide antibiotic before its insertion in the body.

According to a further embodiment, the surface or porous material may be constructed
whereby a glycopeptide antibiotic of the present invention is included in the material forming
the surface or porous material. Thus, such a surface or porous material will be impregnated
with a glycopeptide antibiotic of the present invention. For example, a glycopeptide antibiotic
of the present invention may be included at an appropriate step during the manufacture of a
surface or porous material to which a slow growing, stationary-phase or biofilm bacteria will

come into contact, such as an in-dwelling medical device.

For surfaces or porous materials coated with a glycopeptide antibiotic of the invention,
or impregnated with a glycopeptide antibiotic of the present invention, the glycopeptide
antibiotic may form a covalent and non-covalent association with a component of the surface
or porous material. Covalent associations include direct chemical bonds to a component of
the surface, or an association through a linker, whether cleavable or non-cleavable, attaching

the glycopeptide antibiotic to a component of the surface.

In further embodiments of the invention, one or more additional (second) antibacterial
agents may be used in combination with the glycopeptide antibiotic of the present invention,
and thus be included in the solution which is applied to a surface or a porous material, or in
the material that is used in the preparation of a surface or porous material and that is
impregnated with a glycopeptide antibiotic. The second antibiotic may be selected from the
group consisting of fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a
monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a carbopenem, a cepham,
a cephem, an oxacepham, an oxacephem, a carbocepham, a carbocephem, a cephalosporin,

tetracycline, a tetracycline derived antibacterial agent, glycylcycline, a glycylcycline derived
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antibacterial agent, minocycline, a minocycline derived antibacterial agent, sancycline, a
sancycline derived antibacterial agent, methacycline, a methacycline derived antibacterial
agent, an oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a
quinolone antibacterial agent, daptomycin, a daptomycin derived antibacterial agent,
rifamycin, a rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial
agent, rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived
antibacterial agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a

rifaximin derived antibacterial agent.

The invention is also generally directed to an in-dwelling medical device coated by or
impregnated with a glycopeptide antibiotic in an amount sufficient to inhibit the growth of a
(1) slow growing, (ii) stationary-phase or (iii) biofilm bacteria. As described above, in-
dwelling medical devices include surgical implants, orthopedic devices, prosthetic devices
and catheters, i.¢., devices that are introduced to the body of an individual and remain in
position for an extended time. Such devices include, but are not limited to, artificial joints,
artificial hearts and implants; valves, such as heart valves; pacemakers; vascular grafts;
catheters, such as vascular, urinary and continuous ambulatory peritoneal dialysis (CAPD)
catheters; shunts, such as cerebrospinal fluid shunts; hoses and tubing; plates; bolts; valves;

patches; wound closures, including sutures and staples; dressings; and bone cement.

According to one embodiment, the in-dwelling medical device is coated by a solution,
such as through bathing or spraying, containing a concentration of about 10 ug/ml to about
500 mg/ml of a glycopeptide antibiotic of the present invention. In particular embodiments,
more specific ranges of concentrations of the glycopeptide antibiotic may be used, including:
about 10 ug/ml to about 1 mg/ml, about 1 mg/ml to about 100 mg/ml, about 10 mg/ml to
about 500 mg/ml, about 50 mg/ml to about 200 mg/ml, about 10 mg/ml to about 100 mg/ml,
about 100 mg/ml to about 500 mg/ml. In particular embodiments, specific concentrations of
the glycopeptide antibiotic may be used, including: about 10 ug/ml, about 50 ug/ml, about 100
ug/ml, about 250 ug/ml, about 500 ug/ml, about 750 ug/ml, about 1 mg/ml, about 5 mg/ml,
about 10 mg/ml, about 15 mg/ml, about 20 mg/ml, about 25 mg/ml, about 30 mg/ml, about 40
mg/ml, about 50 mg/ml, about 75 mg/ml, about 100 mg/ml, about 250 mg/ml, about 500
mg/ml, about 600 mg/ml, about 750 mg/ml, and about 900 mg/ml. The in-dwelling medical
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device may be coated by the solution containing a glycopeptide antibiotic of the present

invention before its insertion in the body.

According to a further embodiment, a component of the in-dwelling medical device
may be constructed whereby a glycopeptide antibiotic of the present invention is included in
the material forming the component. Thus, such a component will be impregnated with a
glycopeptide antibiotic of the present invention. For example, a glycopeptide antibiotic of the
present invention may be included at an appropriate step during the manufacture of a
component to which a slow growing, stationary-phase or biofilm bacteria will come into

contact.

For in-dwelling medical device coated with a glycopeptide antibiotic of the invention,
or impregnated with a glycopeptide antibiotic of the present invention, the glycopeptide
antibiotic may form a covalent and non-covalent association with a material forming a
component of the in-dwelling medical device or a material forming the entire in-dwelling
medical device. Covalent associations include direct chemical bonds to a material, or an
association through a linker, whether cleavable or non-cleavable, attaching the glycopeptide

antibiotic to the material.

In further embodiments of the invention, the one or more additional (second)
antibacterial agents discussed herein may be used in combination with the glycopeptide
antibiotic of the present invention, and thus be included in the solution which is applied to an
in-dwelling medical device or that is used in the preparation of a material used in forming the

in-dwelling medical device.

In each of the methods of the present invention, the glycopeptide antibiotics may be
used in the inhibition, delay of formation, treatment, prevention and/or prophylaxis of an
infection caused by dormant bacteria. As used herein, dormant bacteria are any bacteria that
are resistant to the effects of an antibacterial agent due to the particular growth stage or
formation of the bacteria. Dormant bacteria include those bacteria that are not actively
undergoing DNA synthesis or cell division. As an example, dormant bacteria include those
species resistant to the effects of an antibacterial agent that targets a function or property of
dividing cells. Particular examples of dormant bacteria include bacteria that are slow growing

or in a stationary-phase, as well as bacteria that have formed a biofilm. In preferred
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embodiments, the bacteria is Staphylococcus aureus, Staphylococcus epidermidis, a
vancomycin-susceptible enterococci, a vancomycin-resistant enterococci, Staphylococcus
species or a Streptococcus species. In further preferred embodiments, the bacteria is selected
from the group consisting of vancomycin (VAN)-susceptible Enterococcus faecalis (VSE),

VAN:-resistant E. faecalis (VRE), and Staph. epidermidis.

The present invention includes a kit comprising the pharmaceutical composition or a
glycopeptide antibiotic of the present invention and written instructions for its use in
inhibition, delay of formation, treatment, prophylaxis and/or prevention of a slow growing,

stationary-phase or biofilm bacterial infection, in a suitable container.
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Examples

Bacterial strains

The strains used in the experiments described herein were the MSSA reference strain
ATCC 29213, the MRSA isolates ATCC 33591 and ATCC 43300, and the VRSA isolate
VRS5 (Network on Antimicrobial Resistance in Staphylococcus aureus [NARSA]). MSSA
ATCC 29213, MRSA ATCC 33591 and ATCC 43300 were grown overnight to stationary-
phase in cation-adjusted Mueller Hinton broth (CAMHB; Becton, Dickinson and Company,
Sparks, MD) at 37°C with rotation at 225 rpm. VRSA VRS5 was grown overnight to
stationary-phase at 37°C with rotation at 225 rpm in brain-heart infusion broth (Becton,

Dickinson and Company) containing 4 ug/ml of vancomycin.
Nutrient-depleted CAMHB

Nutrient-depleted CAMHB from each respective strain was prepared by 3 rounds of
inoculation of CAMHB with exponential-phase bacteria, incubation overnight at 37°C with
rotation (225 rpm) and centrifugation (8000 X g for 30 minutes) to remove bacteria. After the
final round of inoculation, growth and centrifugation, the pH of the nutrient-depleted
CAMHB was adjusted to pH = 7.0 and the spent medium was filter-sterilized using a 0.22 uM

membrane (Corning Incorporated, Corning, NY).
Antibacterial agents and concentrations

Antibacterial agents were tested at pharmacokinetically-relevant concentrations that
have been determined from clinical studies. Concentrations were chosen to approximate free
peak (fChax) and free trough levels in plasma following administration of standard doses in
humans. For oritavancin, fCpn.x and free trough levels from a standard dose of 200 mg (44)
were used as well as an additional concentration that approximates the fCpax following a
single 800 mg dose ( fCpmax s00) in humans (15). Oritavancin diphosphate powder was
dissolved in water containing 0.002% polysorbate-80; polysorbate-80 was also maintained at
0.002% in assays to minimize oritavancin loss to the surface of vessels (3) except where
indicated. Concentrations that approximate the fC ..« and free trough levels in plasma, when
administered at standard dosages, for the prototypical glycopeptide vancomycin, the

oxazolidinone linezolid, and the lipopeptide daptomycin were determined from
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pharmacokinetic data and protein binding values of the respective package inserts
(vancomycin, Vancocin®; linezolid, Zyvox®; daptomycin, Cubicin®). The approximation of

the rifampicin fCpmax was derived from Burman et al, 2001 (5).

Example 1 - Nutrient-depleted CAMHB maintains the viability of stationary-

phase cells

Stationary-phase bacteria inoculated into nutrient-depleted CAMHB (26) were used to
model bacteria that are dividing slowly and dormant to antimicrobial agents. Inoculation of
nutrient-depleted CAMHB with approximately 5 X 107 CFU/mL of stationary-phase cells of
S. aureus ATCC 29213 resulted in limited growth over a 24 hour period: CFU/mL increased
by approx 0.6 log (Figures 1A). In contrast, exponential-phase cell density increased by
approx 1.3 log over a 24 hour period (Figure 1B). Nutrient-depleted CAMHB therefore limits
the growth of stationary-phase inocula over a 24-hour period and allows for the monitoring of

the action of antimicrobial agents against slow-growing bacteria.
Example 2 - Oritavancin retains activity against stationary-phase S. aureus

Time-kill studies were performed to determine whether growth phase affects the

antibacterial action of oritavancin and comparator agents.

Materials and Methods

Nutrient-depleted CAMHB containing diluted antimicrobial agents was inoculated
with stationary-phase bacteria from overnight cultures of the S. aureus strains at
approximately 107 colony-forming units (CFU)/mL. Other experiments compared the killing
of stationary-and exponential-phase S. aureus ATCC 29213 when inoculated into nutrient-
depleted CAMHB containing the test agents. For assays involving daptomycin, nutrient-
depleted CAMHB was supplemented with 50 pg/ml CaCl, (8). All time-kill studies were
performed in 96-well deep-well plates at 37°C with rotation (225 rpm) in a total volume of
750 uL. Bacteria were enumerated by serial-dilution plating. Bacteriostatic and bactericidal
activity of the antimicrobial agents were defined as a reduction in viable cell counts of <3 or
>3 log at 24 hours relative to the starting inoculum, respectively (33). Experiments were
repeated at least three times and produced similar results; results from one experiment are

presented.

50



10

15

20

25

30

WO 2009/126502 PCT/US2009/039240

Short duration (2 h) time-kill studies were performed in membrane assay buffer (see
below) to characterize the killing of S. aureus ATCC 29213 under conditions used in the
membrane depolarization and permeability assays. Exponential- and stationary-phase S.
aureus ATCC 29213 cells were diluted to an ODjgo = 0.005 (approx 10° CFU/mL) in
membrane assay buffer (10 mM HEPES-CL, pH 7.5, 50 pg/mL CaCl,) with or without 5 mM
glucose, respectively. Experiments were initiated by the addition of antimicrobial agents at
the indicated concentrations and bacteria were enumerated by serial-dilution plating.
Oritavancin was tested in the absence of polysorbate-80 in this assay as it interfered with
fluorescence determinations in membrane assays (data not shown). Experiments were

repeated three times and produced similar results; results from one assay are presented.
Results

In the first experiment, killing of stationary-phase MSSA ATCC 29213 (Figure 1A)
was compared to killing of an exponential-phase inoculum (Figure 1B) in nutrient-depleted
CAMHB. Estimated fC.x levels of oritavancin, vancomycin and daptomycin were
bactericidal against exponential-phase MSSA ATCC 29213 in nutrient-depleted CAMHB at
the 24-hour time point (Figure 1B). In contrast, only oritavancin retained bactericidal activity
against the stationary-phase MSSA ATCC 29213 in nutrient-depleted CAMHB (Figure 1A);
all other agents exhibited reduced antibacterial activity with vancomycin being most affected
by growth phase (approx 2.4-log less killing activity against stationary-phase cells compared
to exponential-phase cells at the 24 hour time point). The estimated free-trough concentration
derived from a 200 mg dose of oritavancin in humans (0.5 ug/mL) nearly achieved
bactericidal levels (approx 2.9-log; Figure S1) against stationary-phase MSSA at the 24-hour
time point whereas free-trough concentrations of vancomycin and daptomycin were only

bacteriostatic (Figure 1C).

In a follow-up experiment, the killing of stationary-phase inocula of MRSA and
VRSA in nutrient-depleted CAMHB were determined (Figure 2). As was seen with MSSA,
limited growth of MRSA ATCC 33591 (approx 0.6-log increase; Figure 2A) and VRSA
VRSS5 (approx 0.1-log increase; Figure 2B) occurred in nutrient-depleted CAMHB over 24
hours. Oritavancin exhibited concentration-dependent bactericidal activity against the MRSA

and VRSA strains: oritavancin at its fCmax and fCrmax soo Was bactericidal at the 24-hour time
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point (Figure 2) with the exception of the fCpax against VRS5 (Figure 2B) which was
bacteriostatic (approx 2.2-log decrease). Vancomycin exhibited bacteriostatic activity against
the stationary-phase inocula of MRSA and VRSA in nutrient-depleted CAMHB after 24
hours (Figure 2). Daptomycin and rifampicin exhibited bactericidal activity at their respective
fCmax against the stationary-phase inoculum of MRSA (Figure 2A) but were bacteriostatic
against the VRSA strain (Figure 2B). The bacteriostatic agent linezolid (31) had no effect on
bacterial cell numbers of both strains over the 24-hour incubation. The estimated free-trough
concentration of oritavancin (0.5 ug/mL) was bacteriostatic against the MRSA (approx 0.4-
log reduction; Figure 2C) and VRSA (approx 1.2-log reduction; Figure 2D) strains.

Similarly, free-trough concentrations of vancomycin and daptomycin were bacteriostatic

against these isolates (Figures 2C and 2D).

Example 3 - Oritavancin perturbs membrane integrity of stationary-phase S.

aureus

Recent studies have demonstrated that oritavancin rapid bactericidal activity against
exponential-phase S. aureus is temporally correlated with membrane depolarization and
increased membrane permeability (30). To determine whether oritavancin also affects
membrane energetics of stationary-phase cells, we explored the effects of oritavancin and
comparator agents on membrane potential and permeability in stationary-phase MSSA ATCC

29213 using fluorescent probes.

Materials and Methods

Membrane depolarization was monitored using the fluorescent probe, 3,3'-
dipropylthiadicarbocyanine iodide ((DiSCs(5); Invitrogen Corporation, Carlsbad, CA), which
partitions into the plasma membrane in proportion to the membrane potential. Dissipation of
the membrane potential releases the probe leading to an increase in fluorescence. Previous
studies with the glycopeptide telavancin (16) and the lipopeptide daptomycin (40) have used
this probe to demonstrate the membrane perturbing activity of these drugs against
exponential-phase cells. S. aureus ATCC 29213 was chosen for testing in membrane studies.
Bacteria were grown overnight in CAMHB and sub-cultured the following day in CAMHB to
exponential phase (ODgsgo~ 0.25). Exponential- and stationary-phase cells were washed in

membrane assay buffer with or without 5 mM glucose, respectively, and resuspended at an
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ODgoo= 0.25. DiSCs(5) was added to a final concentration of 1.5 uM and the solution was
incubated in the dark at ambient temperature for 30 minutes to allow loading of the
fluorescent dye into cell membranes. After the loading period, cells were diluted 50-fold
(ODggo= 0.005) in depolarization buffer with or without glucose for exponential- or
stationary-phase cells, respectively. Assays were initiated by the addition of antimicrobial
agents over a range of concentrations and were monitored in real time by fluorescence
spectroscopy (Aex= 612, Aem= 665) for a period of 30 minutes. Note that 0.002%
polysorbate-80 was found to interfere with fluorescence in these assays and therefore was
omitted from the assay. Experiments were repeated three times and produced similar results;

results from one assay are presented.

For membrane permeability assays, bacteria were prepared identically as described
above for the membrane depolarization assay with the exception that SYTO-9 and propidium
iodide (Invitrogen Corporation) were added at 5 uM and 30 uM, respectively. Experiments

were repeated three times and produced similar results; results from one assay are presented.
Results

Dissipation of membrane potential, measured as increased fluorescence resulting from
the release of DiSCs(5) from stationary- and exponential-phase cell membranes, occurred in a
concentration-dependent manner in response to oritavancin (Figure 3A). However, the rate of
release of the dye from stationary-phase cell membranes was less than that of exponential-
phase cells. Addition of vancomycin had no effect on membrane potential, as indicated by the
unchanged fluorescent signals that were comparable to the untreated control cells (Figure 3B).
Daptomycin exerted a small effect on the fluorescence of exponential-phase cells but did not
effect changes on the stationary-phase inoculum within the time frame of the experiment (30

min; Figure 3B) under the conditions described here.

In the membrane permeability assay, a quantitative difference in initial fluorescence
was observed in stationary-phase cells compared to exponential-phase cells (Figure 3C). This
finding may reflect that stationary-phase cells either have a lower uptake of SYTO-9 or are
initially more permeable to propidium iodide. Oritavancin increased membrane permeability
of stationary-phase cells in a concentration-dependent manner (data not shown) as evidenced
by decreases in SYTO-9 fluorescence (Figure 3C). While the rate of loss of SYTO-9
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fluorescence from stationary-phase cells was less than exponential-phase cells (Figure 3C),
vancomycin had no effect on fluorescence within the time frame of the assay (30 min; Figure
3D). Daptomycin exposure caused loss of fluorescence from exponential-phase cells but had

no effect on stationary-phase cells (Figure 3D).

Time-kill studies over a short duration of exposure also showed that the rate of killing
of stationary-phase MSSA by oritavancin was decreased compared to that of the exponential-
phase inoculum (Figure 3E). Rapid bactericidal activity of oritavancin against exponential-
phase cells was exemplified by a 4-log reduction in CFU within 5 minutes when tested at 16
ug/mL, its predicted fCpax s00 in plasma from a single 800 mg dose. Rapid killing was also
seen with the fCax of daptomycin (4 ug/mL; Figure 3F). In contrast, stationary-phase cells
exhibited approximately 1-log reduction in CFU within the 2-hour time period following
exposure to oritavancin at the fCrax s00. Daptomycin activity was similarly affected as it
exerted a 0.7-log reduction in CFU at its fCrax (Figure 3F). Vancomycin did not effect any
change on bacterial counts of either inocula over the short time course of the assay (Figure

3F).
Example 4 - Oritavancin targets the septum of stationary-phase MRSA ATCC

The effect of oritavancin on the ultrastructure of exponential-phase MRSA 43300 by
transmission electron microscopy was recently studied, and septal deformations and loss of
staining of the nascent septal cross wall, the ‘mid-line’ (28), in exposed cells was observed
(A. Belley, B. Harris, T. Beveridge, T. Parr Jr and G. Moeck; submitted for publication).

These effects were not seen following vancomycin exposure.

In a further study, stationary-phase MRSA ATCC 43300 (5 X 10’ CFU/mL) were
exposed to 1 ug/mL oritavancin (2X its broth microdilution MIC in the absence of
polysorbate-80) or 16 ug/mL vancomycin (16X its broth microdilution MIC) in nutrient-
depleted CAMHB for 3 hours. Bacteria were fixed in 2.5% glutaraldehyde to cross-link
proteins and help preserve morphological structure. Prior to embedding, the samples were
treated with fresh 2.5% (vol/vol) glutaraldehyde in HEPES buffer (pH, 6.8) for 2 hours. The
samples were then post-fixed in 2.0% (wt/vol) osmium tetroxide, followed by en bloc-staining
with 2.0% (wt/vol) uranyl acetate, as a heavy-metal stain, to add contrast to the cells. The
cells were then dehydrated through a series of ethanol washes then embedded in LR White
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resin. Once polymerized by curing, each culture sample was thin sectioned and stained by
uranyl acetate and lead citrate so as to view the internal cellular constituents and the
juxtaposition of cell envelope layers such as the plasma membrane and cell wall.
Transmission electron microscopy was used to view the thin sections using a Philips CM 10

under standard operating conditions at 100 kV.

Qualitative differences were evident upon examination of the stationary-phase culture
compared to exponential-phase cells: cell ghosts were present but at a low frequency (data not
shown), septa appeared broader (Figure 4A) and the mid-line was apparent (Figure 4A) but
was not as distinct as in exponential-phase cells (Figure 4B). Furthermore, an electron-dense
material was present throughout the extracellular space and attached to the surface of
stationary-phase cells (Figures 4A, 4C and 4D). Septa of oritavancin-treated cells were also
broad but staining of the mid-line was conspicuously absent (Figure 4C), corroborating
observations in exponential-phase cells (data not shown). The midline was evident in
vancomycin-treated cells (Figure 4D), which overall had an ultrastructural appearance similar

to the untreated cells.
Example S - Oritavancin is active against in vitro S. aureus biofilms

The commercially-available MBEC™ system (Innovotech; Edmonton, AB, Canada)
was used following the manufacturer’s protocol (17) to establish in vitro biofilms of S. aureus
and to determine the minimal biofilm eradication concentration (MBEC) of oritavancin and
comparator antimicrobial agents. The MBEC represents the concentration of antimicrobial

agent required to sterilize the biofilm after 24 hours of exposure. The MBEC™

system also
allows for the determination of the minimal inhibitory concentration (MIC) of the test agent

against planktonic cells under the conditions of the biofilm assay.

Material and Methods

150 uL of bacterial inocula at 10" CFU/mL in tryptic soy broth was aliquoted into
cach well of an MBEC plate. Biofilms were established for 24 hours in a rotary incubator at
37°C and 150 rpm. For experiments involving 72-hour biofilms, peg lids were transferred
cach day to 96-well plates containing 150 uL/well of fresh tryptic soy broth and incubated
another 24 hours. Peg lids with established biofilms were washed once in sterile saline (200

uL/well) and then placed in plates containing antimicrobial agents diluted in CAMHB (200
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uL/well). Antimicrobial agents were serially diluted in CAMHB in 96-well plates and peg
lids were exposed for 24 hours or for the indicated times. Following antimicrobial challenge,
peg lids were washed once in sterile saline then placed in recovery plates containing CAMHB
(200 uL/well). The recovery plates were sonicated for 5 minutes in an ultrasonic sonicating
bath (VWR Aquasonic model 550D) at the maximum setting then incubated for 24 hours and
the MBECs recorded. MBECs were determined from at least three independent experiments;
results represent the ranges of MBECs obtained. To enumerate the biofilm colony forming
units (CFUs) on individual control pegs, pegs were broken off the lid using sterile forceps
placed in 1 ml sterile saline, sonicated for 5 min and vortexed for 1 min at the highest setting.
Bacteria were then enumerated by serial-dilution plating. CFU/peg counts were determined
from at least three independent experiments; results presented are the average + standard

deviation.

To prevent loss of oritavancin due to binding to vessel surfaces (3), the CLSI now
recommends inclusion of 0.002% polysorbate-80 for oritavancin broth microdilution MIC
determinations (9). However, inclusion of polysorbate-80 during S. aureus biofilm
establishment or antimicrobial challenge caused a significant reduction in CFU/peg densities

(data not shown) and therefore it was omitted from MBEC determinations.
Results

In initial experiments, the capacity of each strain to form a biofilm on the pegs of the
MBEC™ plate was determined by enumerating the CFU attached to the peg surface
(CFU/peg). Cellular density on the pegs varied for each strain and ranged from means of (2.9
+2.4) X 10° CFU/peg for MSSA ATCC 29213, to (2.2 = 1.7) X 10° CFU/peg for MRSA
ATCC 33591 to (2.6 + 1.1) X 10° CFU/peg for VRSA VRSS5 after 24 hour of incubation.
Planktonic MICs determined for comparator antimicrobial agents in the MBEC™ assay were
within the CLSI quality control ranges (Table 1). Oritavancin planktonic MIC were also
within quality control range (0.5 — 2 ug/mL) for MSSA ATCC 29213 determined in the
absence of 0.002% polysorbate-80 (10). Growth of S. aureus in a biofilm caused dramatic
decreases in the antimicrobial activity of vancomycin and linezolid as measured by the
concentration of antimicrobial agent needed to sterilize the 24-hour biofilm (MBEC)

compared to its respective planktonic MIC (Table 1): MBECs for both agents were >128
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ng/mL against all three strains. In contrast, oritavancin MBECs ranged from 2-8 pg/mL
against the S. aureus strains (Table 1) and were within one doubling dilution of their

respective planktonic MICs in each experiment.

Table 1. Oritavancin exhibits anti-biofilm activity in vitro against S. aureus

5 strains of different resistance phenoptypes

Antimicrobial MSSA ATCC 29213  MRSA ATCC 33591 VRSA VRS5
Agent MIC! MBEC” MIC MBEC MIC MBEC
Oritavancin’ 2 2-4 0.5-4 0.5-4 2-8 2-8
Linezolid 8 >128 2-4 >128 4-8 >128

Rifampicin <0.02 4 <0.03 0.25-4  <0.03-0.06 4
Vancomycin 1 >128 1-2 >128 >128 >128

"MICs (ug/mL) were determined in MBEC™ plates and represent the antibacterial
activity against planktonic cells shed from the peg biofilms.

*MBECs (ug/mL) were determined following the manufacturer’s protocol.
*Oritavancin MICs and MBECs were determined in the absence of polysorbate-80.
10

The time required for oritavancin to sterilize the 24-hour biofilm of MSSA ATCC

29213 was determined by determining the MBECs after shorter exposure times. Oritavancin
sterilized the biofilm after a 1 hour exposure at an MBEC of 4 ug/mL. As expected, MBECs
for the comparator agents were >128 ug/mL at this exposure time. To further test the ability

15 of oritavancin to eradicate biofilm-associated S. aureus in vitro, biofilms of MSSA ATCC
29213 were grown for 72 hours to increase the cellular density of the peg biofilms. Indeed,
CFU/peg increased to (4.6 + 1.3) X 10° CFU/peg (approx 1.2 log increase compared to 24
hour biofilm cellular density) and oritavancin planktonic MIC and MBEC values were
concomitantly affected, ranging from 4-32 pug/mL and 8-32 pug/mL, respectively.

20 Importantly, within each experiment, oritavancin MBECs were no more than one doubling

dilution higher than their respective planktonic MICs. Planktonic MICs for vancomycin and
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linezolid were also affected by the increased cellular peg density and were 2-16 pg/mL and 8-

16 ug/mL, respectively. MBECs for both agents were >128 pg/mL.

Example 6 - Oritavancin sterilizes in vitro biofilms of Staphylococcus epidermidis

and vancomycin-susceptible and -resistant enterococci

The ability of oritavancin (ORI) to eradicate biofilms of Staphylococcus epidermidis
and vancomycin susceptible- and resistant enterococci, which are prominent in infections of

indwelling devices and infective endocarditis, respectively, was determined.

Materials and Methods

The following strains were used for in vitro biofilm studies: vancomycin (VAN)-
susceptible Enterococcus faecalis ATCC 29212 (VSE), VAN-resistant E. faecalis ATCC
51299 (VanB VRE), E. faecium ATCC 51559 (VanA VRE), S. epidermidis ATCC 12228 and
the slime-producing strain S. epidermidis ATCC 35984. Biofilms were established in
MBEC™ Physiology & Genetics Assay plates (Innovotech; Edmonton, Canada). Minimal
biofilm eradication concentrations (MBEC) values for single antimicrobial agents (ORI,
VAN, linezolid [LIN]) and for agents in combination (ORI with moxifloxacin [MOX] or

rifabutin [RFB]) were determined in three independent experiments.
Results

Biofilms of VSE, VanB VRE and VanA VRE were sterilized by ORI at MBECs of 2
to 4 mg/L following 24 h of drug challenge. In contrast, the VSE and VRE biofilms were
tolerant to VAN and LIN, exhibiting MBEC values >128 mg/L for both agents. Biofilms of §.
epidermidis ATCC 12228 were sterilized by ORI at an MBEC of 2 to 4 mg/L but also
exhibited tolerance to VAN and LIN with MBECs >128 mg/L. Sterilization of S. epidermidis
ATCC 35984 biofilms required combinations of ORI (MBEC of 4 mg/L) and MOX (MBEC
of 4 mg/L), or ORI (MBEC of 4 mg/L) and RFB (MBEC of 0.125 mg/L).

Example 7 — Prevention of Staphylococcus epidermidis ATCC 35984 in vitro

biofilm formation on silicone tubing

Silicone tubing (0.040” inner-diameter by 0.085” outer-diameter by 0.023” wall
thickness; VWR International) was cut into 1 cm lengths then cut longitudinally in half. Cut
tubing pieces were sterilized overnight in 99% ethanol. Tubing pieces were rinsed in 2 ml of
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sterile water then incubated overnight at room temperature in 20 mg/ml of either oritavancin
or chloroeremomycin solution in water. Control tubing pieces were incubated in water as
described. The following day, tubing pieces were rinsed in 2 ml of water then incubated with
Staphylococcus epidermis ATCC 35984 at an inoculum density of either 10° CFU/ml or 107
CFU/ml in tryptic soy broth at 37°C with rotation at 150 rpm in a rotational incubator.

Tubing pieces were rinsed in 2 ml of sterile physiologic saline and bacteria in the biofilm
formed on the silicone tubing were recovered by sonicating the tubing pieces in 1 ml of sterile
physiologic saline in a sonicating water bath (VWR Aquasonic model 550D). Recovered
bacteria were enumerated by serial dilution plating. The results shown in Figure 5
demonstrate the significant activity of oritavancin on a coated surface against biofilm

formation.

Example 8 — Prevention of Staphylococcus epidermidis biofilm formation on

polymeric surface derivatized with oritavancin.

A] Preparation of oritavancin derivatized beads with a stable linker.
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1) Preparation of attachment precursor
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Di-NV-Alloc oritavancin (2). To the bis(phosphoric acid) salt of oritavancin 1 (20.0 g, 10.05
mmol) in DMF (800 mL) and H,O (200 mL) was added NaHCO; (6.75 g, 80.44 mmol) and
the mixture was stirred until all of 1 had dissolved. A solution of Allyl N-succinimidyl
carbonate (7.0 g, 35.2 mmol) in DMF (10 mL) was added and the resulting solution was
stirred at room temperature for 20 h. The solvents were removed in vacuo, water was added
and the pH was adjusted to 4.5 by the addition of aqueous IN HClL. A mixture of
acetone/Et,O (1:3, 250 mL) was added, the solid was filtered, washed with H,O and dried in
vacuo to give 2 (20.84 g). ESI-MS: (M+H) calculated for Co4H;¢sCI3sN;0O30 1961; found
1961.4.

tert-Butyl (7-amino-4-methyl-4-azaheptyl)carbamate (3). To a stirred solution of 3,3’-
diamino-N-methyldipropylamine (22.0 g, 151.46 mmol) in THF (60 mL) cooled to 0°C was
added (Boc),0 (10.9 g, 50.0 mmol) in THF (60 mL) over 2 h. After stirring for 18 h at room
temperature, the mixture was concentrated to dryness in vacuo and the residue was partitioned
between a saturated aqueous solution of NaCl (200 mL), and CH,Cl, (400 mL). The organic

phase was further washed with saturated brine (200 mL), dried over Na,SO4 and concentrated
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to dryness. The crude material was purified by silica gel chromatography on a Biotage
Horizon™ flash chromatography system using a gradient of 5-70% methanol in 5%
Et;N/CH,Cl, as the eluent to give 3 (10.1 g, 27%). 'H NMR (400 MHz, CDCl3)  1.43 (s,
9H), 1.62 (m, 4H), 2.26 (s, 3H), 2.38 (t, 4H), 2.45 (bs, 3H), 2.78 (t, 3H), 3.16 (m, 2H).

Oritavancin derivative 4. A solution of 3 (6.89 g, 28.12 mmol) in DMF (20 ml) was added
to a stirring solution of 2 (27.6 g, 14.07 mmol), HBTU (6.41 g, 16.89 mmol), HOBT (1.72 g,
16.89 mmol) and DIEA (3.67 mL, 21.07 mmol) in DMF (180 mL) cooled to in an ice-bath.
The resulting mixture was stirred for 2 days at room temperature. It was concentrated to
dryness in vacuo and a mixture of water and diethyl ether was added. The solid was filtered
and washed copiously with diethyl ether. The crude product was purified by C18 reversed
phase chromatography on a Biotage Horizon™™ flash chromatography system using a gradient
of 10-60% MeCN in 0.05% aqueous TFA as the eluent to give 4 (24.3 g, 78.9%). ESI-MS
(M+H) calculated for CiosH130Cl3N 3031, 2188; found 2188.9.

Oritavancin derivative 5. A solution of 4 (24.3 g, 11.10 mmol) in CH,Cl,/TFA (300 mL,
2:1) at 0°C was stirred for 2h. The mixture was concentrated to dryness in vacuo and the
crude product was purified by C18 reversed phase chromatography on a Biotage Horizon™
flash chromatography system using a gradient of 10-60% MeCN in 0.05% aqueous TFA as
the eluent to give the TFA salt of 5 (7.1 g, 30.6%) as a colourless solid: ESI-MS calculated for
C101H12,CLI3N13019, 2088.34; found 2089.4 (M+H).

2) Resin derivatization
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PL-PEGA succinamate 7. To PL-PEGA resin 6(15g, 0.4mmol/g) swollen in DMF (150 mL)
for 30 min in a solid phase synthesis flask was added succinic anhydride (2.56 g, 25.6 mmol),
diisopropylethylamine (4.46 mL, 25.6 mmol) and 4-dimethylaminopyridine (1.45 g, 12.8
mmol). The mixture was gently agitated by a stream of Argon for 20 h and the resin was
filtered, washed with DMF (2x100 mL) and CH,Cl, (2x75 mL) and dried to give compound
7.

Oritavancin derivatized resin 8. A mixture of 5 (6.76 g, 3.24 mmol), resin 7 (3.0 g, 0.4
mmol/g), HOBt (0.486 g, 3.60 mmol), HBTU (1.36 g, 3.60 mmol) and diisopropylethylamine
(1.04 mL, 6.0 mmol) in DMF (75 mL) in a solid phase synthesis flask was gently agitated by
a stream of Argon for 24 h. The resin was filtered, washed with DMF (2x75 mL), H,O
(2x100mL) and MeOH (2x75 mL) and dried to give 8.
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Oritavancin derivatized resin 9. Pd(PPhs), (6.76 g, 3.24 mmol), NMM (3.84 mL), and
AcOH (7.7 mL, 3.60 mmol) were added to a suspension of resin 8 (3.0 g) in DMF (60 mL) in
a solid phase synthesis flask. The mixture was gently agitated by a stream Argon for 2 days
and the resin was filtered, washed with DMF (2x75 mL), H,O (2x100mL) and MeOH (2x75

5 mL) and dried. It was loaded onto a Soxhlet and washed continuously with a 1:1 mixture of
chloroform and methanol until the wash is free of materials (6 days). Elemental analysis:
54.79%C, 9.14%H, 3.23%N, which would suggest a loading of 113 mg of oritavancin base
per g of polymer.

10

B] Preparation of oritavancin derivatized beads with a cleavable linker.
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15 PL-PEGA bromoacetamide 10. To PL-PEGA resin 6 (4.0 g, 0.4mmol/g) suspended in DMF
(48 mL) for 30 min in a solid phase synthesis flask was added bromoacetic acid (1.11 g, 8.0
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mmol), HBTU (3.03 g, 8.0 mmol), DMAP (195 mg, 1.6 mmol) and ethyldiisopropylamine
(1.39 mL, 8.0 mmol). The mixture was gently agitated by a stream of argon for 18 h and the
resin was filtered, washed with DMF (3x50 mL), CH,Cl, (2x50 mL) and dried to give 10.

Oritavancin derivatized resin 11. Di-N-Alloc oritavancin (2, 9.41 g, 4.8 mmol), and
NaHCOs; (1.61 g, 19.2 mmol) in DMF (80 mL) were added to the resin 7 (4.0 g, 0.4 mmol/g)
in DMF (50 mL) in a solid phase synthesis flask. The mixture was gently agitated by a stream
of argon for 2 days and the resin was filtered, washed with DMF (2x75 mL), H,O (4x75mL),
CH,Cl, (3x75 mL) and dried to give 11.

Oritavancin derivatized resin 12. Pd(PPhs), (1.85 g, 1.6 mmol), NMM (4.4 mL), and
AcOH (8.8 mL)(1.36 g, 3.60 mmol) were added to the resin 11 (3.0 g, 0.4 mmol/g) suspended
in DMF (70 mL) in a solid phase synthesis flask. The mixture was gently agitated by a stream
of argon for 2 days and the resin was filtered, washed with DMF (3x100 mL), MeOH (2x50
mL), CH,Cl; (3x75 mL) and dried. The resin was loaded on a Soxhlet extractor and was
washed continuously with 50%MeOH/CHCI; until washes were free of contaminant (6 days).
Complete deprotection of alloc group was confirmed by hydrolysis 100 mg of resin 12 with
excess LiOH in H,O followed by LC-MS analysis. Elemental analysis: 55.25%C, 7.89%H,
5.51%N, which would suggest a loading of 477 mg of oritavancin base per g of polymer.

C] Determination of the ability of S.epidermidis to colonize the resins.

The impact of the presence of covalently linked oritavancin on the ability of bacteria
to form a biofilm within the resin was determined as follows. Approximately 70 mg of each
dry bead preparations were weighed into 15 ml snap-cap tubes then sterilized by soaking in
99% ethanol for 10 minutes. The beads were pelleted by centrifugation (900 g for 2 min) and
the ethanol was decanted. The beads were then washed 5 times with sterile water. To
establish biofilms, beads were resuspended in tryptic soy broth containing 1% glucose and
with 4 X 10" CFU/mg (dry bead weight) of Staphylococcus epidermidis ATCC 35984. The
suspensions were then incubated overnight at 37°C on a rotisserie. The beads were pelleted

by brief centrifugation (50 g for 1 min) and the supernatants were decanted. The beads were
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washed twice with 10 ml sterile 0.85% saline and once with 3 ml sterile 0.85% saline. After
the last wash, residual liquid remaining after decanting was aspirated using a pipette. The
beads were then resuspended in 1 ml of saline and bacteria adhering to the bead surfaces
(biofilm) were liberated by sonicating in an ultrasonic water bath for 5 min at the maximum
setting. Viable bacteria were enumerated by serial dilution plating. The results are presented
in Figure 6.

The comparison of the large bacterial titer found in native PEG-A (resin 6) (1.28x10°
+5.62x10"* colony forming units per gram of resin) and the near sterility associated with resin
9(13 + 6 colony forming units per gram of resin) and resin 6 (21+ 2 colony forming units per
gram of resin) highlights the ability of covalently linked oritavancin to prevent the formation

of S.epidermidis biofilms on this hydrophilic resin.

The invention of this application has been described above both generically and with
regard to specific embodiments. Although the invention has been set forth in what is believed
to be the preferred embodiments, a wide variety of alternatives known to those of skill in the
art can be selected within the generic disclosure. The invention is not otherwise limited,

except for in the recitation of the claims.

All documents, publications, patents, books, manuals, articles, papers, abstracts,
posters and other materials referenced herein are expressly incorporated herein by reference in

their entireties.
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WE CLAIM:

1. A method of inhibiting the growth of dormant bacteria, comprising contacting
dormant bacteria with a glycopeptide antibiotic in an amount sufficient to inhibit the growth
of the dormant bacteria, wherein the dormant bacteria is one or more of slow growing

bacteria, stationary-phase bacteria and bacteria in biofilm form.

2. A method of treating an infection caused by dormant bacteria in a subject,
comprising administering a therapeutically effective amount of a glycopeptide antibiotic to a
subject having an infection caused by dormant bacteria, wherein the dormant bacteria is one

or more of slow growing bacteria, stationary-phase bacteria and bacteria in biofilm form.

3. A method of preventing an infection caused by dormant bacteria in a subject,
comprising administering to a subject at risk of developing an infection caused by dormant
bacteria an amount of a glycopeptide antibiotic sufficient to prevent the infection, wherein the
dormant bacteria is one or more of slow growing bacteria, stationary-phase bacteria and

bacteria in biofilm form.

4. A method for providing prophylaxis of an infection caused by dormant bacteria
in a subject, comprising administering to a subject having an infection caused by dormant
bacteria an amount of a glycopeptide antibiotic sufficient to achieve prophylaxis of the
infection, wherein the dormant bacteria is one or more of slow growing bacteria, stationary-

phase bacteria and bacteria in biofilm form.

5. A method of preventing the colonization of a surface by dormant bacteria,
comprising applying a glycopeptide antibiotic to a surface in an amount sufficient to prevent
colonization of the surface by dormant bacteria, wherein the dormant bacteria is one or more

of slow growing bacteria, stationary-phase bacteria and bacteria in biofilm form.

6. A method of preventing the colonization of a porous material by dormant
bacteria, comprising applying a glycopeptide antibiotic to a porous material in an amount
sufficient to prevent colonization of the porous material by dormant bacteria, wherein the
dormant bacteria is one or more of slow growing bacteria, stationary-phase bacteria and

bacteria in biofilm form.
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7. The method of claim 5 or 6, wherein the material comprising the surface or the
porous material is a material selected from the group of consisting of polyethylene,
polytetrafluoroethylene, polypropylene, polystyrene, polyacrylamide, polyacrylonitrile,
poly(methyl methacrylate), polyamide, polyester, polyurethane, polycarbornate, silicone,
polyvinyl chloride, polyvinyl alcohol, polyethylene terephthalate, cobalt, a cobalt-base alloy,
titanium, a titanium base alloy, steel, silver, gold, lead, aluminum, silica, alumina, yttria
stabilized zirconia polycrystal, calcium phosphate, calcium carbonate, calcium fluoride,

carbon, cotton, wool and paper.

8. The method of claim 5 or 6, wherein the glycopeptide antibiotic is bound to the

surface or porous material through a non-covalent interaction.

9. The method of claim 5 or 6, wherein the glycopeptide antibiotic is bound to the

surface or porous material through a covalent interaction.

10. The method of claim 1, wherein the dormant bacteria is contacted with the

glycopeptide antibiotic in vivo, in vitro or ex vivo.

11.  The method of any one of claims 2-4, wherein the administering is via

intravenous administration or oral administration.

12. The method of claim 1, further comprising contacting the dormant bacteria

with a second antibiotic concurrent with the glycopeptide antibiotic.

13. The method of claim 12, wherein the second antibiotic is selected from the
group consisting of fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a
monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a carbopenem, a cepham,
a cephem, an oxacepham, an oxacephem, a carbocepham, a carbocephem, a cephalosporin,
tetracycline, a tetracycline derived antibacterial agent, glycylcycline, a glycylcycline derived
antibacterial agent, minocycline, a minocycline derived antibacterial agent, sancycline, a
sancycline derived antibacterial agent, methacycline, a methacycline derived antibacterial
agent, an oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a
quinolone antibacterial agent, daptomycin, a daptomycin derived antibacterial agent,
rifamycin, a rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial

agent, rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived

74



WO 2009/126502 PCT/US2009/039240

antibacterial agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a

rifaximin derived antibacterial agent.

14.  The method of any one of claims 2-4, further comprising administering a

second antibiotic concurrent with the glycopeptide antibiotic.

15. The method of claim 14, wherein the second antibiotic is selected from the
group consisting of fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a
monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a carbopenem, a cepham,
a cephem, an oxacepham, an oxacephem, a carbocepham, a carbocephem, a cephalosporin,
tetracycline, a tetracycline derived antibacterial agent, glycylcycline, a glycylcycline derived
antibacterial agent, minocycline, a minocycline derived antibacterial agent, sancycline, a
sancycline derived antibacterial agent, methacycline, a methacycline derived antibacterial
agent, an oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a
quinolone antibacterial agent, daptomycin, a daptomycin derived antibacterial agent,
rifamycin, a rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial
agent, rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived
antibacterial agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a

rifaximin derived antibacterial agent.

16.  The method of claim 5 or 6, further comprising applying a second antibiotic

concurrent with the glycopeptide antibiotic.

17. The method of claim 16, wherein the second antibiotic is selected from the
group consisting of fusidic acid, trimethoprim, sulfadiazine, sulfamethoxazole, a penicillin, a
monobactam, a penam, a penem, a clavam, a clavem, a carbopenam, a carbopenem, a cepham,
a cephem, an oxacepham, an oxacephem, a carbocepham, a carbocephem, a cephalosporin,
tetracycline, a tetracycline derived antibacterial agent, glycylcycline, a glycylcycline derived
antibacterial agent, minocycline, a minocycline derived antibacterial agent, sancycline, a
sancycline derived antibacterial agent, methacycline, a methacycline derived antibacterial
agent, an oxazolidinone antibacterial agent, an aminoglycoside antibacterial agent, a
quinolone antibacterial agent, daptomycin, a daptomycin derived antibacterial agent,
rifamycin, a rifamycin derived antibacterial agent, rifampin, a rifampin derived antibacterial

agent, rifalazil, a rifalazil derived antibacterial agent, rifabutin, a rifabutin derived
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antibacterial agent, rifapentin, a rifapentin derived antibacterial agent, rifaximin and a

rifaximin derived antibacterial agent.

18.  The method of any one of claims 1-17, wherein the glycopeptide antibiotic has
a structure represented by the Formula I or is a pharmaceutically acceptable salt, hydrate or

solvate thereof, or a mixture thereof:

/R1
X O
O O
R, 1
¢ R
2
O H O l?ﬂ
R3 "R R® R™
R*-O
RS R®
Formula I

wherein:

R' is one of hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl,
aryl, heteroaryl, heterocyclic and -R*-Y-R"-(Z),; or R' is a saccharide group optionally
substituted with -R*-Y-R"-(Z)s, R, -C(O)Ry, -R*-R"-(Z),, or -C(O)-R*-Y-R"-(Z),;

R? is hydrogen or a saccharide group optionally substituted with -R*Y-R’-(Z),, R,
-C(O)R’, -R*-R°~(Z)y, or -C(O)-R*-Y-R"~(2)y;

R? is -OR®, -NR°R¢, -O-R*-Y-R"-(Z)s, -NR*-R*-Y-R"-(Z),, -NRR®, or -O-R®;

R" is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, -R*-Y-R°~(Z),, -C(O)R" and a saccharide
group optionally substituted with -R*-Y-R-(Z),, R", or -C(0)-R*-Y-R~(Z),, or R* and R’ can
be joined, together with the atoms to which they are attached, to form a heterocyclic ring
optionally substituted with -NR*-R*-Y-R(Z),;

R’ is selected from the group consisting of hydrogen, halo, -CH(R®)-NR°R¢,
-CH(R®)-NRR®, -CH(R®)-NR-R*Y-R-(Z),, -CH(R)-R*, and -CH(R®)-NR*-R*-C(0)-R*;
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R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, -R*-Y-R°~(Z),, -C(O)R" and a saccharide
group optionally substituted with -R*Y-R°-(Z),, R, -C(O)R', or -C(0)-R*Y-R"-(Z), or R®
and R® can be joined, together with the atoms to which they are attached, to form a

heterocyclic ring optionally substituted with -NR-R*-Y-R°-(Z)y;

R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, -R*-Y-R°~(Z),, and -C(O)R;

R® is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic and -R*-Y-R°-(Z),;

R’ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic;

R'%is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic; or R® and R'® are

joined to form -Ar'-O-Ar*-, where Ar' and Ar” are independently arylene or heteroarylene;

R'! is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic, or R' and R*" are
joined, together with the carbon and nitrogen atoms to which they are attached, to form a

heterocyclic ring;

R'? is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic, -C(O)Rd, -C(NH)Rd,
-C(O)NRCRS, -C(0O)ORY, -C(NH)NRR®, -R*-Y -R"-(Z)s, and -C(0)-R-Y-R"~(Z),, or R" and
R'? are joined, together with the nitrogen atom to which they are attached, to form a

heterocyclic ring;
R" is selected from the group consisting of hydrogen or -OR';
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R' is selected from hydrogen, -C(O)R* and a saccharide group;

R" is each independently selected from the group consisting of alkylene, substituted

alkylene, alkenylene, substituted alkenylene, alkynylene and substituted alkynylene;

R® is each independently selected from the group consisting of a covalent bond,
arylene, alkylene, substituted alkylene, alkenylene, substituted alkenylene, alkynylene and
substituted alkynylene;

R® is each independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl, heterocyclic
and --C(O)RY;

R¢ is each independently selected from the group consisting of alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic;

R® is cach a saccharide group;

R'is cach independently alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl,

aryl, heteroaryl, or heterocyclic;
R* is an N-linked amino saccharide or an N-linked heterocycle;
X is each independently selected from hydrogen, fluoro, chloro, bromo or iodo;

Y is each independently selected from the group consisting of , -CH,-, oxygen, sulfur,
-S-S-, -NR*®-, -S(0)-, -SO,-, -NRC(0)-, -0S0;-, -OC(0)-, -N(R)SO;-, -C(O)NR*-, -C(0)0O-,
-SO,NR*-, -S0,0-, -P(0)(OR®)0O-, -P(O)(OR*)NR"-, -OP(O)(OR*)O-, -OP(O)(OR*)NR*-,
-0OC(0)0-, -NR*C(0)O-, -NR°C(O)NR°-, -OC(O)NR®-, -C(0)-, and -N(R)SO,NR*-;

Z is each independently selected from hydrogen, aryl, cycloalkyl, cycloalkenyl,

heteroaryl, heterocyclic; or a saccharide;

x1s 1 or 2; and
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2T

2™ is selected from 2> or

19.  The method of any one of claims 1-17, wherein said glycopeptide antibiotic
has a structure represented by the Formula II or is a pharmaceutically acceptable salt, hydrate

or solvate thereof, or a mixture thereof:

o\
2
N \\\\\\\R
Hlllllu.
R3
HO
o)
HO/
Formula 11
wherein:

X and Y are each independently hydrogen or chloro;

R is hydrogen, 4-epi-vancosaminyl, actinosaminyl, ristosaminyl, or a group of the
formula -R“R®, wherein R” is 4-epi-vancosaminyl, actinosaminyl, or ristosaminyl, and R is
attached to the amino group of R

1.
R" is hydrogen or mannose;
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R’ is -NH,, -NHCHa, -N(CHs),, -NHR, or -N(CH3)R ", wherein R” is defined
below;

R’ is -CH,CH(CH3),, [p-OH, m-Cl]phenyl, p-rhamnosyloxyphenyl, p-(rthamnosyl-
galactosyloxy)-phenyl, [p-galactose-galactose]phenyl, p-(methoxyrhamnosyloxy)phenyl or p-
(methoxyrhamnosyloxy)phenyl;

R" is -CH,(CO)NH,, benzyl, [p-OH]phenyl, or [p-OH, m-Cl]phenyl;

R’ is hydrogen, or mannose;

R’ is 4-epi-vancosaminyl, L-acosaminyl, L-ristosaminyl, or L-actinosaminyl;

R’, as defined below, is attached to the amino group of R®; and

R’, R™, and R are each independently selected from the group consisting of
hydrogen, (C,-C1¢)alkenyl, (C,-Ciz)alkynyl, (C1-Ci alkyl)-R®, (C1-C 3 alkyl)-halo,

(C,-Cs alkenyl)-R®, (C,-Cy alkynyl)-R®, and (C,-C 1, alkyl)-O-R®, provided that R, R, and
R’? are not all hydrogen, and R® is selected from the group consisting of:
a) multicyclic aryl unsubstituted or substituted with one or more substituents
independently selected from the group consisting of:
(i) hydroxy,
(i) halo,
(iii) nitro,
(iv) (C;-Cg)alkyl,
(v) (Cy-Cg)alkenyl,
(vi) (Cy-Ce)alkynyl,
(vii) (C,-Ce)alkoxy,
(viii) halo-(C,-Cg)alkyl,
(ix) halo-(C;-Ce)alkoxy,
(x) carbo-(C,-Ce)alkoxy,
(xi) carbobenzyloxy,
(xi1) carbobenzyloxy substituted with (C,-Ce)alkyl, (C,-C¢)alkoxy, halo, or
nitro,
(xiii) a group of the formula -S(0),-R’, wherein n’ is 0-2 and R is
(C1-Ce)alkyl, phenyl, or phenyl substituted with (C;-Cg)alkyl, (C;-Cg)alkoxy, halo, or

nitro, and
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(xiv) a group of the formula -C(O)N(R'), wherein each R substituent is
independently hydrogen, (C,-Ce)-alkyl, (C,-C¢)-alkoxy, phenyl, or phenyl substituted
with (C;-Cg)-alkyl, (C;-Cs)-alkoxy, halo, or nitro;

b) heteroaryl unsubstituted or substituted with one or more substituents independently
selected from the group consisting of:

(i) halo,

(i) (Ci-Ce)alkyl,

(iii)) (C;-Cg)alkoxy,

(iv) halo-(C;-Ce)alkyl,

(v) halo-(C;-Cg)alkoxy,

(vi) phenyl,

(vii) thiophenyl,

(viil) phenyl substituted with halo, (C;-Cs)alkyl, (C,-Cs)alkenyl,
(Cy-Co)alkynyl, (C,-Ce)alkoxy, or nitro,

(ix) carbo-(C;-Cg)alkoxy,

(x) carbobenzyloxy,

(x1) carbobenzyloxy substituted with (C;-Cg)alkyl, (C;-Cg)alkoxy, halo, or
nitro,

(xii) a group of the formula -S(0),-R’, as defined above,

(xiii) a group of the formula -C(O)N(R'), as defined above, and

(x1v) thienyl;

¢) a group of the formula:

wherein A' is -OC(A?),-C(A%),-0-, -0-C(A%),-0-, -C(A?),-0-, or
-C(A%)-C(A?),-C(A?),-C(A%);-, and each A” substituent is independently selected from
hydrogen, (C;-Ce)-alkyl, (C;-Ce)alkoxy, and (C4-Cyo)cycloalkyl;

d) a group of the formula:
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wherein p is from 1 to 5; and R is independently selected from the group consisting of:
(i) hydrogen,
(i) nitro,
(i) hydroxy,
(iv) halo,
(v) (Ci-Cy)alkyl,
(vi) (C,-Cy)alkoxy,
(vii) (Co-Cyp)alkyl,
(viii) (C-Co)alkynyl,
(ix) (Co-Cip)alkoxy,
(x) (C;-Cy)alkoxy substituted with (C;-Cs)alkoxy, hydroxy,
halo(C;-Cs)alkoxy, or (C;-Cs)alkylthio,
(x1)  (C,-Cs)alkenyloxy,
(xi1) (C;-Ci3)alkynyloxy
(xiii) halo-(C;-Ce)alkyl,
(xiv) halo-(C;-Ce)alkoxy,
(xv) (C,-Ce)alkylthio,
(xvi) (Cy-Cjp)alkanoyloxy,
(xvii) carboxy-(C,-Cs)alkenyl,
(xviii) (C;-Cs)alkylsulfonyloxy,
(xix) carboxy-(C;-Cs)alkyl,
(xx) N-[di(C;-C3)-alkyl]amino-(C;-Cs)alkoxy,
(xxi) cyano-(C;-Ce)alkoxy, and
(xxii) diphenyl-(C;-Cg)alkyl,
with the proviso that when R'! is (C;-Cg)alkyl, (C;-Cs)alkoxy, or halo, p must be
greater or equal to 2, or when R’ is (C;-Cs alkyl)-R® then R'! is not hydrogen, (C;-Cs)alkyl,
(C;1-Cyg)alkoxy, or halo;

¢) a group of the formula:
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(R1 2)q

B
G

Z-R"3),

wherein q is 0 to 4; R'? is independently selected from the group consisting of:

(i) halo,

(i1) nitro,

(iii) (C;-Ce)alkyl,

(iv) (C,-Ce)alkoxy,

(v) halo-(C;-Cg)alkyl,

(vi) halo-(C;-Cg)alkoxy,

(vil) hydroxy, and

(vii) (C,-Ce)thioalkyl,

ris 1 to 5; provided that the sum of q and r is no greater than 5;
Z is selected from the group consisting of:

(i) asingle bond,

(i1) divalent (C;-Ce)alkyl unsubstituted or substituted with hydroxy,
(C1-Co)alkyl, or (C;-Cp)alkoxy,

(ii1) divalent (C,-Ce)alkenyl,

(iv) divalent (C,-Cg)alkynyl, and

(v) a group of the formula -(C(R'*"),)s-R"*- or -RP-(C(R'*),),-, wherein s is
0-6; wherein each R'* substituent is independently selected from hydrogen,
(C1-Ce)-alkyl, or (C4-Co)cycloalkyl; and R" is selected from -O-, -S-, -SO-, -SO;-,
-S0O,-0-, -C(0)-, -OC(0)-, -C(O)O-, -NH-, -N(C,;-C; alkyl)-, and -C(O)NH-,
-NHC(O)-, N=N;
R" is independently selected from the group consisting of:

(1) (C4-Cyp)heterocyclyl,

(i1) heteroaryl,

(ii1) (C4-Cyp)cycloalkyl unsubstituted or substituted with (C;-Cs)alkyl, and

(iv) phenyl unsubstituted or substituted with 1 to 5 substituents independently
selected from: halo, hydroxy, nitro, (C;-C¢)alkyl, (C,-C,¢)alkoxy,

halo-(C,-C3)alkoxy, halo-(C;-Cs)alkyl, (C;-Cs)alkoxyphenyl, phenyl,
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phenyl-(C;-Cs)alkyl, (C;-Ce)alkoxyphenyl, phenyl-(C,-Cs)alkynyl, and
(C,-Ce)alkylphenyl;
f) (C4-Cyp)cycloalkyl unsubstituted or substituted with one or more substituents
independently selected from the group consisting of:

(1) (C;-Ce)alkyl,

(i) (Cy-Cg)alkoxy,

(iii)) (C,-Cg)alkenyl,

(iv) (Cy-Ce)alkynyl,

(v) (C4-Cyp)cycloalkyl,

(vi) phenyl,

(vii) phenylthio,

(viii) phenyl substituted by nitro, halo, (C;-Cs)alkanoyloxy, or
carbocycloalkoxy, and

(ix) a group represented by the formula -Z-R" wherein Z and R are as
defined above; and

g) a group of the formula:

\ A3 \

/i ——(R™),

A

wherein A* and A* are each independently selected from

(1) abond,

(i1) -O-,

(iii) -S(O)-, wherein t is 0 to 2,

(iv) -C(R'"),-, wherein each R'” substituent is independently selected from
hydrogen, (C1-Cg)alkyl, hydroxy, (C1-Ce)alkyl, (C1-Cs)alkoxy, or both R'7 substituents
taken together are O,

(v) -N(R'®),-, wherein each R'® substituent is independently selected from
hydrogen; (C;-Cs)alkyl; (C,-Ce)alkenyl; (C,-Co)alkynyl; (Cs-Co)cycloalkyl; phenyl;
phenyl substituted by nitro, halo, (C;-Cs)alkanoyloxy; or both R'® substituents taken
together are (C4-Cyp)cycloalkyl;
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R'%is R or R" as defined above; and u is 0-4.
20.  The method of any one of claims 1-17, wherein said glycopeptide antibiotic is
oritavancin or a pharmaceutically acceptable salt, hydrate or solvate thereof, or a mixture

thereof.

21.  The method of any one of claims 1-20 wherein the glycopeptide antibiotic is in
the form of a pharmaceutical composition comprising the glycopeptide antibiotic and a

pharmaceutically acceptable carrier or diluent.
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