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(57) ABSTRACT 

The present invention relates to crystalline and crystal-like 
forms of lipopeptides, including daptomycin, a lipopeptide 
antibiotic with potent bactericidal activity against gram 
positive bacteria, including Strains that are resistant to con 
ventional antibiotics. The present invention relates to meth 
ods of purifying lipopeptides, including daptomycin, a 
lipopeptide antibiotic with potent bactericidal activity 
against gram-positive bacteria, including Strains that are 
resistant to conventional antibiotics. The present invention 
also relates to pharmaceutical compositions comprising the 
purified form of the lipopeptide and methods of using these 
compositions. 
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METHODS FOR PREPARING PURIFED 
LIPOPEPTIDES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of U.S. 
Provisional Application No. 60/256,268, filed Dec. 18, 
2000; Ser. No. 60/274,741, filed Mar. 9, 2001; Ser. No. filed 
Dec. 13, 2001; and Ser. No. filed Dec. 13, 2001, the contents 
of which are incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

0002 The present invention relates to crystalline and 
crystalline-like forms of lipopeptides, including daptomy 
cin, a lipopeptide antibiotic with potent bactericidal activity 
against gram positive bacteria, including Strains that are 
resistant to conventional antibiotics. The present invention 
also relates to processes for preparing crystalline or crystal 
like forms of the lipopeptide and to methods of purifying 
lipopeptides including daptomycin. The present invention 
also relates to pharmaceutical compositions comprising the 
purified form of the lipopeptide and methods of using these 
compositions. 

BACKGROUND OF THE INVENTION 

0003. The rapid increase in the incidence of gram-posi 
tive infections-including those caused by antibiotic-resis 
tant bacteria-has sparked renewed interest in the develop 
ment of novel classes of antibiotics. One such class is the 
lipopeptide antibiotics, which includes daptomycin. Dapto 
mycin has potent bactericidal activity in vitro against clini 
cally relevant gram-positive bacteria that cause Serious and 
life-threatening diseases. These bacteria include, but are not 
limited to, resistant pathogens, Such as Vancomycin-resistant 
enterococci (VRE), methicillin-resistant Staphylococcus 
aureuS (MRSA), glycopeptide intermediary Susceptible Sta 
phylococcus aureus (GISA), coagulase-negative Staphylo 
cocci (CNS), and penicillin-resistant StreptococcuS pneumo 
niae (PRSP), for which there are very few therapeutic 
alternatives. See, e.g., Tally et al., 1999, Exp. Opin. Invest. 
Drugs 8:1223-1238. Daptomycins inhibitory effect is a 
rapid, concentration-dependent bactericidal effect in Vitro 
and in Vivo, and a relatively prolonged concentration-de 
pendent post-antibiotic effect in Vivo. 
0004 Daptomycin is described by Baltz in Biotechnology 
of Antibiotics, 2nd Ed., ed. W. R. Strohl (New York: Marcel 
Dekker, Inc.), 1997, pp. 415-435. Daptomycin, also known 
as LY 146032, is a cyclic lipopeptide antibiotic that can be 
derived from the fermentation of Streptomyces roseosporus. 
Daptomycin is a member of the factor A-21978C type 
antibiotics of S. roseosporus and is comprised of a decanoyl 
Side chain linked to the N-terminal tryptophan of a cyclic 
13-amino acid peptide (FIG. 1). Daptomycin has an excel 
lent profile of activity because it is highly effective against 
most gram-positive bacteria; it is highly bactericidal and 
fast-acting; it has a low resistance rate and is effective 
against antibiotic-resistant organisms. The compound is 
currently being developed in a variety of formulations to 
treat Serious infections caused by bacteria, including, but not 
limited to, methicillin-resistant StaphylococcuS aureuS 
(MRSA) and Vancomycin-resistant enterococci (VRE). 
0005) A number of U.S. patents describe A-21978C 
antibiotics and daptomycin-related lipopeptides including 
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daptomycin (LY 146032). These patents also describe meth 
ods of producing and isolating the A-21978Co antibiotics 
and daptomycin-related lipopeptides. 

0006 U.S. Pats. RE32,333, RE32,455, 4,800,157, 4,874, 
843, and 4,885,243 describe methods of synthesizing and 
isolating daptomycin from fermentation cultures of Strep 
tomyces roseosporus. U.S. Pats. RE32,310, RE32,311, 
4,537,717, 4,482.487 and 4,524,135 describe A-21978C 
antibiotics and methods of deacylating the A-21978C anti 
biotic and reacylating the peptide nucleus and antibiotic 
derivatives made by this process. U.S. Pat. No. 5,912,226 
(hereafter the 226 patent) describes the identification and 
isolation of two impurities produced during the manufacture 
of daptomycin, anhydro-daptomycin and the B-isomer form 
of daptomycin. None of these U.S. patents discloses a 
method for precipitating or crystallizing a lipopeptide in a 
manner to increase purity of the lipopeptide. 
0007 U.S. Pat. No. 4,439,425 (hereafter the 425 patent) 
discloses a crystalline lipopeptide and a method of crystal 
lizing the lipopeptide. The lipopeptide disclosed in the 425 
patent is structurally dissimilar from daptomycin and dap 
tomycin-related lipopeptides. U.S. Pat. No. 5,336,756 (here 
after the 756 patent) also discloses a crystalline cyclic 
lipopeptide comprising a hexapeptide. The crystalline cyclic 
lipopeptide disclosed in the 756 patent is also structurally 
dissimilar from daptomycin and daptomycin-related 
lipopeptides. The 756 patent discloses that the lipopeptide, 
an echinocandin-type compound, can be obtained when 
aqueous n-propanol is employed as the crystallizing Solvent. 
See, e.g., cols. 1-2 of the 756 patent. Neither the 425 patent 
nor the 756 patent disclose methods of crystallizing or 
precipitating daptomycin or a daptomycin-related lipopep 
tide, nor do they disclose methods of crystallizing or pre 
cipitating lipopeptides produced by Streptomyces. 
0008. It would be advantageous to develop a method of 
crystallizing or precipitating daptomycin and daptomycin 
related lipopeptides to provide an improved purification 
method for these lipopeptides. In addition, a crystalline or 
highly purified precipitated form of daptomycin or other 
daptomycin-related lipopeptide would be useful in formu 
lating pharmaceutical compositions for treating bacterial 
infections. Further, a crystalline or highly purified precipi 
tated form of daptomycin or daptomycin-related lipopeptide 
would be useful in a method to make a sterile product, 
particularly bulk Sterile product. Thus, there is a need for 
methods to produce crystalline or precipitated daptomycin 
and daptomycin-related lipopeptides and the crystalline or 
precipitated forms of the lipopeptides produced thereby. 
However, there has been no simple and robust method that 
has been effective in crystallizing or precipitating daptomy 
cin or a daptomycin-related lipopeptide that results in a 
lipopeptide that is more pure after crystallization or precipi 
tation than before. 

SUMMARY OF THE INVENTION 

0009. The instant invention addresses these problems by 
providing crystalline and crystalline-like forms of lipopep 
tides, particularly daptomycin and daptomycin-related 
lipopeptides and methods for producing them. In one 
embodiment, the invention provides methods for crystalliz 
ing lipopeptides. In another embodiment, the methods pro 
vide a lipopeptide that is more pure after crystallization or 
precipitation than before crystallization or precipitation. 
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0.010 The invention also provides robust processes for 
producing and purifying lipopeptides comprising, inter alia, 
crystallizing or precipitating lipopeptides. In one embodi 
ment, the crystallizing or precipitating Steps of the processes 
are used to purify the lipopeptides. In another embodiment, 
the processes are used for large-scale and/or commercial 
production of lipopeptides, preferably daptomycin. 
0.011 The invention further provides highly purified crys 
talline or crystal-like forms of daptomycin and daptomycin 
related lipopeptides. In one embodiment, the crystalline or 
crystal-like forms of the lipopeptides may be used in phar 
maceutical compositions. In another embodiment, the inven 
tion comprises methods of using the pharmaceutical com 
positions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows the structure of daptomycin. 
0013 FIG. 2 shows a photomicrograph of urchin-like 
crystal or crystal-like particle of daptomycin produced by 
the method described in Example 12. 
0.014 FIG. 3 shows a photomicrograph of needle-like 
crystals of daptomycin. 
0.015 FIG. 4 shows a photomicrograph of rod-like crys 
tals of daptomycin. 
0016 FIG. 5 shows photomicrographs of daptomycin 
Samples at 100x magnification. Photomicrographs of amor 
phous daptomycin are shown using plane transmitted light 
(A) and using crossed polarized light (B). Photomicrographs 
of daptomycin crystals are shown using plane transmitted 
light (C and E) and using crossed polarized light (D and F). 
The daptomycin crystals were produced by the protocol 
disclosed in Example 7. 
0017 FIG. 6 shows an X-ray powder diffraction pattern 
for amorphous daptomycin. 
0.018 FIG. 7 shows an X-ray powder diffraction pattern 
for a daptomycin crystal produced by the protocol described 
in Example 7. 
0019 FIG. 8 shows an X-ray powder diffraction pattern 
for a Second Sample of a daptomycin crystal produced by the 
protocol described in Example 7. 
0020 FIG. 9 shows birefringence of a crystal-like par 
ticle of daptomycin when exposed to polarized light. The 
crystal-like particle was produced by the method described 
in Example 12. 
0021 FIG. 10 shows a flow chart of an exemplary 
method for crystallization. 
0022 FIG. 11 shows a flow chart of an exemplary 
manufacturing method that does not use crystallization or 
precipitation. The manufacturing method uses bacterial fer 
mentation to produce a fermentation culture containing 
daptomycin, and then purification of daptomycin using 
microfiltration, anion eXchange chromatography, Size exclu 
Sion ultrafiltration, hydrophobic interaction chromatogra 
phy, anion exchange chromatography for Solvent removal, 
ultrafiltration for pyrogen removal, reverse osmosis and 
filling vials with daptomycin. See, e.g., International PCT 
Publication WO 01/44274, published Jun. 21, 2001, herein 
incorporated by reference for a detailed description of this 
type of method. 
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0023 FIG. 12 shows a flow chart of an exemplary 
manufacturing method of a lipopeptide compound compris 
ing the Steps of fermentation, microfiltration, anion 
eXchange chromatography, Size exclusion ultrafiltration, 
crystallization or precipitation, crystal or precipitate drying, 
and dry filling of Vials with the compound. See, e.g., 
Example 13. 

0024 FIG. 13 shows a flow chart of an exemplary 
manufacturing method of a lipopeptide compound compris 
ing the Steps of fermentation, microfiltration, anion 
eXchange chromatography, crystallization or precipitation, 
crystal or precipitate drying, and dry filling of Vials with the 
compound. See, e.g., Example 14. 

0025 FIG. 14 shows a flow chart of an exemplary 
manufacturing method of a lipopeptide compound compris 
ing the Steps of fermentation, microfiltration, Size exclusion 
ultrafiltration, crystallization or precipitation, crystal or pre 
cipitate drying, and dry filling of Vials with the compound. 
See, e.g., Example 15. 
0026 FIG. 15 shows a flow chart of an exemplary 
manufacturing method of a lipopeptide compound compris 
ing the Steps of fermentation, microfiltration, crystallization 
or precipitation, crystal or precipitate drying, and dry filling 
of Vials with the compound. See, e.g., Example 16. 

0027 FIG. 16 depicts the structure of CB-131547, a 
cyclic lipopeptide analog of daptomycin 

DETAILED DESCRIPTION OF THE 
INVENTION 

0028 Objects of the Invention 
0029. One object of the present invention is to provide 
methods for crystallizing or precipitating lipopeptides. In 
one embodiment, the methods are used to crystallize or 
precipitate daptomycin or a daptomycin-related lipopeptide. 
In another embodiment, the methods increase the purity of 
the lipopeptide compared to the purity of the lipopeptide 
prior to crystallization or precipitation. The methods com 
prise the Steps of providing an amorphous preparation of a 
lipopeptide and crystallizing or precipitating the lipopeptide 
under conditions in which the crystalline or precipitated, 
crystal-like lipopeptide is more pure than the amorphous 
preparation of the lipopeptide. In one embodiment, the 
amorphous preparation is no greater than 92% pure and the 
crystalline or crystal-like lipopeptide purified therefrom is at 
least 95% pure, and may be at least 96%, 97% or 98% or 
more pure. In another embodiment, the amorphous prepa 
ration is no greater than 80% pure and the crystalline or 
crystal-like lipopeptide purified therefrom is at least 95% 
pure, and may be at least 96%, 97% or 98% or more pure. 
In another embodiment, the amorphous preparation is no 
greater than 60% pure and the crystalline or crystal-like 
lipopeptide purified therefrom is at least 95% pure, and may 
be at least 96%, 97% or 98% ore more pure. In yet another 
embodiment, the amorphous preparation is no greater than 
40% pure and the crystalline or crystal-like lipopeptide 
purified therefrom is at least 95% pure, and may be at least 
96%, 97% or 98% or more pure. In another embodiment, the 
amorphous preparation is no greater than 20% pure and the 
crystalline or crystal-like lipopeptide purified therefrom is at 
least 95% pure; and may be at least 96%, 97% or 98% or 
more pure. In a further preferred embodiment, the amor 
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phous preparation is no greater than 10% pure and the 
crystalline or crystal-like lipopeptide purified therefrom is at 
least 95% pure, and may be at least 96%, 97% or 98% or 
more pure. 

0.030. Another object of the invention is to provide pro 
ceSSes fbr making and purifying a lipopeptide comprising, 
inter alia, crystallizing or precipitating the lipopeptides. In 
one embodiment, the crystallizing or precipitating StepS are 
used to purify the lipopeptides. In a preferred embodiment, 
the crystallization or precipitation is performed by batch 
crystallized or precipitation. In another embodiment, the 
proceSS is a large-scale process for commercial production 
of a lipopeptide, preferably daptomycin or a daptomycin 
related lipopeptide. In one embodiment, the lipopeptide is 
produced by fermentation. The fermentation product is then 
purified by a variety of purification techniques including 
crystallization or precipitation. In one embodiment, the 
crystallization or precipitation Step may be used in combi 
nation with other purification techniques including micro 
filtration, Size exclusion ultrafiltration and/or anion 
eXchange chromatography. In one embodiment, the crystal 
lization or precipitation Step is used to replace one or more 
purification techniques that is used in a purification proceSS 
that does not use crystallization or precipitation. In another 
embodiment, the crystallization or precipitation Step is used 
to increase purification compared to the other Steps without 
the crystallization or precipitation Step. In a preferred 
embodiment, the method comprises a step of collecting the 
crystalline or crystal-like lipopeptide after crystallization or 
precipitation. 
0.031) Another object of the present invention is to pro 
vide highly purified, e.g. Sterile, crystalline or crystal-like 
forms of lipopeptides. In one embodiment, the lipopeptides 
are daptomycin or a daptomycin-related lipopeptide. The 
crystalline or crystal-like form of the lipopeptide may have 
any crystalline or crystal-like shape including urchin-like 
(cluster of needles joined together to visually resemble a Sea 
urchin)(see FIG. 2), needle-like (see FIG. 3), rod-like (see 
FIG. 4), plate-like or flake-like. In one embodiment, the 
crystalline or crystal-like lipopeptide has a purity of at least 
80%, and may be at least 85%, 90% pure. In another 
embodiment, the crystalline or crystal-like form of the 
lipopeptide has a purity of at least 95%, and may be at least 
96%, 97%, 98% pure or more. 
0032. A further object of the present invention is to 
provide a pharmaceutical composition comprising a crys 
talline or crystal-like form of a lipopeptide. In one embodi 
ment, the lipopeptide is daptomycin or a daptomycin-related 
lipopeptide. In one embodiment, the pharmaceutical comp. 
is enterically coated for oral administration or is formulated 
in the form of micronized particles or microSpheres. In other 
embodiments, the invention provides methods for adminis 
tering the pharmaceutical compositions to Subjects in need 
thereof. 

0033) Definitions 
0034. Unless otherwise defined, all technical and scien 

tific terms used herein have the meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. The practice of the present invention 
employs, unless otherwise indicated, conventional tech 
niques of chemistry, biochemistry, biophysics and microbi 
ology and basic terminology used therein. 
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0035) The term “lipopeptide” refers to a molecule that 
comprises a lipid-like moiety covalently linked to a peptide 
moiety, as well as Salts, esters, amides and ethers thereof. 
The term "lipopeptide' also encompasses protected forms of 
lipopeptides in which one or more amino, carboxylate or 
hydroxyl groups are protected. See, e.g., “Protective Groups 
in Organic Synthesis” by Theodora W. Greene, John Wiley 
and Sons, New York, 1981 for examples of protecting 
groups. In one embodiment, the lipopeptide is an antibiotic. 
In another embodiment, the lipopeptide is LY 303366, 
echinocandins, pneumocandins, aculeacins, Viscosin, Sur 
factin, plipastatin B 1, amphomycin or the lipopeptide 
derivative disclosed in U.S. Pat. No. 5,629,288. These 
lipopeptides are known in the art. See, e.g., U.S. Pat. No. 
5,202,309 and International PCT Application WO 00/08197. 
In another embodiment, the lipopeptide is a daptomycin 
related molecule. In another embodiment, the lipopeptide is 
daptomycin. 

0036) A “daptomycin-related molecule” includes, inter 
alia, daptomycin, A54145 or other lipopeptide that is struc 
turally related to daptomycin, Such as a daptomycin-related 
lipopeptide, including all Stereoisomers that may be made at 
any chiral centers present in these molecules. 
0037 A“daptomycin-related lipopeptide' includes, with 
out limitation, a lipopeptide disclosed in U.S. Pat. Nos. 
4,537,717, 4,482.487, RE32,311, RE32,310, and 5,912,226, 
currently in reissue as U.S. application Ser. No. 09/547,357. 
Daptomycin-related lipopeptides also include those dis 
closed in International PCT Publication WO 01/44272, 
published Jun. 21, 2001; International PCT Publication WO 
01/44274, published Jun. 21, 2001; and International PCT 
Publication WO 01/44271, published Jun. 21, 2001; all of 
these applications are specifically incorporated herein by 
reference. The daptomycin-related lipopeptides disclosed in 
the above-identified applications relate to Synthetic and 
Semisynthetic lipopeptides in which the ornithine and/or 
kynurine residues, and/or the fatty acid Side chain of dap 
tomycin, are modified. Daptomycin-related lipopeptides fur 
ther include an A-21978C antibiotic in which the n-de 
canoyl fatty acid Side chain of daptomycin is replaced by a 
n-octanoyl, n-nonanoyl, n-undecanoyl, n-dodecanoyl, 
n-tridecanoyl or n-tetradecanoyl fatty acid Side chain. 

0038. The term “daptomycin refers to the n-decanoyl 
derivative of the factor A-21978C-type antibiotic that con 
tains an C.-aspartyl group. "Daptomycin' is Synonymous 
with LY 1.46032. 

0039 The term “anhydro-daptomycin” refers to a dapto 
mycin-related lipopeptide in which an O-aspartyl group of 
daptomycin is cyclized to a Succinimido group. See, e.g., the 
226 patent for the Structure of anhydro-daptomycin. 

0040. The term “B-isomer' or “B-isomer of daptomycin 
refers to a daptomycin-related lipopeptide that contains a 
B-aspartyl group instead of ano-aspartyl group. See, e.g., the 
226 patent for the Structure of B-isomer of daptomycin. 
0041. The term “isolated” refers to a compound or prod 
uct that is at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80% or 90% of the compound present in a mixture. It 
will be understood that the term "isolated” also refers to a 
compound that is at least 5-10%, 10-20%, 20-30%, 30-40%, 
40-50%, 50-60%, 60-70%, 70-80% or 80-90% of the com 
pound present in the mixture group. The percentage of 
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compound in a mixture may be measured by any means 
known in the art, as described below for measuring purity of 
a compound. “Substantially pure” refers to a Sample having 
at least 95% of a desired compound. Preferably, daptomycin 
is “substantially pure' when at least 95% to at least 97% of 
a Sample is daptomycin. Similarly, a daptomycin-related 
lipopeptide, is “substantially pure” when at least 95% to at 
least 97% of a Sample is a daptomycin-related lipopeptide. 
0.042 Daptomycin or adaptomycin-related lipopeptide is 
“essentially pure” when at least 98% to at least 99% of a 
Sample is daptomycin or a daptomycin-related lipopeptide, 
respectively. 
0.043 Daptomycin or adaptomycin-related lipopeptide is 
“substantially free” of another compound when the other 
compound is present in an amount that is no more than 1% 
of the amount of the daptomycin or the daptomycin-related 
lipopeptide preparation, respectively. 
0044) Daptomycin or adaptomycin-related lipopeptide is 
“essentially free” of another compound when the other 
compound is present in an amount that is no more than 0.5% 
of the amount of the daptomycin or the daptomycin-related 
lipopeptide preparation, respectively. 
0.045 Daptomycin or adaptomycin-related lipopeptide is 
“free” of another compound when the other compound is 
present in an amount that is no more than 0.1% of the 
amount of the daptomycin or the daptomycin-related 
lipopeptide preparation, respectively. Alternatively, dapto 
mycin or a daptomycin-related lipopeptide is “free” of 
another compound when the compound cannot be detected 
by HPLC under conditions of maximum sensitivity in which 
a limit of detection is approximately 0.05% or less of the 
amount of the daptomycin or the daptomycin-related 
lipopeptide preparation, respectively. 

0.046 “Purified” daptomycin refers to substantially pure 
daptomycin, essentially pure daptomycin, or a Salt thereof, 
or to daptomycin or a Salt thereof which is Substantially free, 
essentially free, or free of another compound. Similarly, a 
“purified' daptomycin-related lipopeptide refers to a Sub 
Stantially pure daptomycin-related lipopeptide, an essen 
tially pure daptomycin-related lipopeptide, or a Salt thereof, 
or to a daptomycin-related lipopeptide or a Salt thereof 
which is substantially free, essentially free, or free of 
another compound. 

0047 “Crude' daptomycin refers to daptomycin or a salt 
thereof that is less than 90% pure. Similarly, “crude' dap 
tomycin-related lipopeptide refers to a daptomycin-related 
lipopeptide or a salt thereof that is less than 90% pure. 
0.048 “Semi-purified” daptomycin refers to daptomycin 
or a salt thereof that is at least 90% pure and less than 95% 
pure. Similarly, "semi-purified' daptomycin-related 
lipopeptide refers to a daptomycin-related lipopeptide or a 
salt thereof that is at least 90% pure and less than 95% pure. 
0049. The purity of daptomycin, daptomycin-related 
lipopeptide or of another lipopeptide refers to the lipopep 
tide prior to its formulation in a pharmaceutical composi 
tion. The purity of the lipopeptide is referred to by “percent 
purity.” The measure of purity is not a measure of degree of 
crystallinity of the crystalline preparation. The purity may be 
measured by any means including nuclear magnetic reso 
nance (NMR), gas chromatography/mass spectroscopy (GC/ 
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MS), liquid chromatography/mass spectroscopy (LC/MS) or 
microbiological assayS. One preferred means for measuring 
the purity of daptomycin is by analytical high preSSure liquid 
chromatography (HPLC). Two methods of analytical HPLC 
are described in International PCT Publication WO 
01/53330, published Jul. 26, 2001, which is herein incorpo 
rated Specifically by reference. 
0050 A“lipopeptide crystal” refers to one or more crys 
tals of a lipopeptide or of a lipopeptide Salt. The determi 
nation of a lipopeptide as a crystal can be determined by any 
means including, inter alia, optical microscopy, electron 
microScopy, X-ray powder diffraction, Solid State nuclear 
magnetic resonance (NMR) or polarizing microscopy. 
MicroScopy can be used to determine the crystal length, 
diameter, width, size and shape, as well as whether the 
crystal exists as a single particle or is polycrystalline. 
0051. A lipopeptide or lipopeptide particle is “crystal 
like” if it is determined to have crystalline characteristics 
when determined by one means, e.g., visually or by optical 
or polarizing microscopy, but does not have crystalline 
characteristics when determined by another means, e.g., 
X-ray powder diffraction. Alipopeptide that is “crystal-like' 
may be crystalline under certain conditions but may become 
non-crystalline when Subjected to other conditions. 
0052 A“crystalline lipopeptide' or a “crystalline form of 
a lipopeptide' refers to a preparation of a lipopeptide or Salt 
thereof that comprises lipopeptide crystals. In one embodi 
ment, a crystalline lipopeptide may comprise Some amount 
of amorphous lipopeptide. In one embodiment, the crystal 
line lipopeptide comprises more than 50% by weight of 
lipopeptide crystals. In another embodiment, the crystalline 
lipopeptide comprises more than 60%, 70%, 80%, 90% or 
95% of lipopeptide crystals. The crystalline lipopeptide may 
comprise 50-60%, 60-70%, 70-80%, 80-90% or 90-95% of 
lipopeptide crystals. In another embodiment, the crystalline 
lipopeptide comprises more than 95% of lipopeptide crys 
tals, e.g., at least 96%, 97%, 98% or 99% lipopeptide 
crystals or 100% lipopeptide crystals. The crystalline 
lipopeptide may also comprise anywhere from 95-100% 
lipopeptide crystals. The percent by weight of lipopeptide 
crystals refers to the lipopeptide preparation prior to its 
formulation in a pharmaceutical composition. 
0053 An “amorphous” form of a lipopeptide refers to a 
lipopeptide preparation that comprises few or no lipopeptide 
crystals or crystal-like lipopeptides (or crystal-like particles) 
as defined herein. In one embodiment, an amorphous 
lipopeptide comprises less than 20% by weight of lipopep 
tide crystals or crystal-like lipopeptides. In another embodi 
ment, an amorphous lipopeptide comprises less than 10% by 
weight of lipopeptide crystals or crystal-like lipopeptides. In 
another embodiment, an amorphous lipopeptide comprises 
less than 5% by weight of lipopeptide crystals or crystal-like 
lipopeptides. In a still further preferred embodiment, an 
amorphous lipopeptide comprises less than 1% by weight of 
lipopeptide crystals or crystal-like lipopeptides. 

0054 “Batch crystallization” refers to a method in which 
the lipopeptide of interest is mixed with the crystallization 
reagents in Solution and the lipopeptide is allowed to crys 
tallize in solution. “Batch precipitation” refers to a method 
in which the lipopeptide is mixed with precipitation reagents 
in Solution and the lipopeptide is allowed to precipitate in 
Solution. In one embodiment, the crystalline or precipitated 
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preparation is collected from the Solution. In another 
embodiment, the crystalline or precipitated preparation is 
collected by filtration or centrifugation. 
0.055 “Organic precipitant” refers to a polyethylene gly 
col (PEG) or polyethylene glycol monomethyl ether (PEG 
MME) or compounds that are chemically similar. 
0056 “Salts' refer to ionic compounds. These ionic com 
pounds may act as precipitants. 

0057 “Low molecular weight alcohols' are organic com 
pounds containing at least one alcohol functional group, and 
eight carbon atoms or leSS. For example, low molecular 
weight alcohols include, without limitation, methanol, iso 
propanol, and tert-butanol. 
0.058 “Polyhydric alcohols” refer to compounds that 
contain more than one alcohol group, and less than eight 
carbon atoms. Polyhydric alcohols, for example, include, 
without limitation, 1.6 hexanediol, ethylene glycol, propy 
lene glycol, glycerol, 1,2-propanediol, 2-methyl-2,4-pen 
tanediol and 1,4 butanediol. 

0059) “Container” refers to a receptacle for holding 
goods. For example, a container may include, without limi 
tation, an ampule, Vial, tube, bottle, or cylinder. 

0060 Methods for Producing Purified Lipopeptides 

0061. One object of the invention is to provide a method 
for purifying a lipopeptide comprising the Steps of providing 
an amorphous preparation of a lipopeptide and crystallizing 
or precipitating the lipopeptide. In one embodiment, the 
lipopeptide has a higher degree of purity after crystallization 
or precipitation than prior to being Subjected to crystalliza 
tion or precipitation. Lipopeptides may be crystallized by 
hanging drop, Sitting drop or Sandwich drop vapor diffusion, 
liquid-liquid or free interface diffusion, microdialysis or 
dialysis, Slow Solvent evaporation, Sublimation, or micro 
batch or batch crystallization. In general, a lipopeptide may 
be precipitated in a Similar way, preferably a lipopeptide is 
precipitated by batch precipitation. In a preferred embodi 
ment, the crystallized or precipitated lipopeptide is dapto 
mycin or a daptomycin-related lipopeptide. In a more pre 
ferred embodiment, the crystallized or precipitated 
lipopeptide is daptomycin. 

0.062 Lipopeptides may be crystallized or precipitated 
following the teachings of this specification. In one embodi 
ment, a lipopeptide can be crystallized or precipitated by 
providing a Solution comprising a lipopeptide with a low 
molecular weight or polyhydric alcohol, a pH buffering 
agent and a Salt comprising a monovalent or divalent cation 
and allowing precipitation or crystallization to occur, as 
discussed further infra. In another embodiment, the Salt has 
buffering capacity Such that an additional pH buffering agent 
does not have to be present in the Solution. In another 
embodiment, the Salt comprises a divalent cation. In a 
preferred embodiment, the Solution provided does not 
include PEG or PEG-MME or chemically similar com 
pounds. In an embodiment, the method for precipitating or 
crystallizing the lipopeptide generally comprises the Steps 
of: 

0063 a) mixing the lipopeptide with a salt comprising a 
monovalent or divalent cation, an optional pH buffering 
agent and a low molecular weight or polyhydric alcohol; and 
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0064 b) allowing the lipopeptides to precipitate or crys 
tallize from the Solution under the appropriate temperature 
conditions. 

0065. The samples may be monitored, inter alia, for 
crystal or precipitate formation by microscopic examination 
and the yield may be followed spectrophotometrically. In a 
preferred embodiment, the crystallized or precipitated 
lipopeptide is daptomycin or a daptomycin-related lipopep 
tide. 

0066. In another embodiment, the lipopeptide can be 
crystallized by providing a Solution comprising a low 
molecular weight or polyhydric alcohol(s), Salts and an 
organic precipitant as discussed further infra. In a more 
preferred embodiment, the crystallized lipopeptide is dap 
tomycin. In general, for batch crystallization, the lipopeptide 
is dissolved in a Solution and low molecular weight alcohols, 
Salts, buffers and/or organic precipitants are added to the 
Solution. The Samples are then crystallized under the appro 
priate temperature conditions, with or without Stirring. The 
Samples may be monitored, inter alia, for crystal formation 
by microscopic examination and the yield may be followed 
Spectrophotometrically. 

0067. As discussed above, the lipopeptide, preferably 
daptomycin or a daptomycin-related lipopeptide, is crystal 
lized or precipitated in the presence of one or more alcohols. 
In a preferred embodiment, the alcohol is a low molecular 
weight or polyhydric alcohol. Examples of low molecular 
weight or polyhydric alcohols include, without limitation, 
methanol, isopropanol, tert-butanol, 1,6 hexanediol, ethyl 
ene glycol, propylene glycol, glycerol, 1,2-propanediol, 
2-methyl-2,4-pentanediol and 1,4 butanediol. In a preferred 
embodiment, the alcohol is isopropanol, tert-butanol, glyc 
erol, 1,6-hexanediol, 1,2-propanediol, 1,4-butanediol, pro 
pylene glycol and/or ethylene glycol. In a more preferred 
embodiment, the alcohol is isopropanol. 

0068 Salts include, inter alia, magnesium or sodium 
formate, ammonium Sulfate, ammonium dihydrogen phos 
phate, calcium acetate, Zinc acetate, tri-Sodium citrate dihy 
drate, magnesium acetate, Sodium acetate, magnesium chlo 
ride, cadmium chloride, ammonium acetate, Sodium 
chloride and lithium Sulfate. In one embodiment, the Salt 
comprises a monovalent cation, e.g., Sodium. In a preferred 
embodiment, the Salt comprises a divalent cation. In an even 
more preferred embodiment, the Salt comprises a calcium 
cation, a magnesium cation or a manganese cation. In a 
further preferred embodiment, the Salt comprises a calcium 
divalent cation. In one embodiment, the Salt is calcium 
chloride, calcium acetate, Zinc acetate, Sodium citrate, tri 
Sodium citrate dihydrate, magnesium chloride, lithium Sul 
fate, Sodium chloride, magnesium acetate, Sodium acetate or 
a manganese Salt, Such as manganese acetate or manganese 
chloride. In a preferred embodiment, the Salt is calcium 
acetate. Examples of other Salts that comprise a divalent 
cation, Such as a calcium cation, are known in the art, and 
include, inter alia, those listed in the 2000 Sigma catalog, 
herein incorporated by reference. Without wishing to be 
bound to any theory, it is thought that the Salt cation may 
neutralize the negative charges on the lipopeptide, e.g., the 
four carboxylic acids of daptomycin. Organic precipitants 
include, interalia, polyethylene glycols (PEGs) that can vary 
in average molecular weight from between 300 and 10,000, 
or polyethylene glycol monomethyl ether (PEG-MME). In a 
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preferred embodiment, the organic precipitant is PEG 300, 
PEG 600, PEG 2000, PEG 4000, PEG 8000 or PEG 10,000. 

0069. The lipopeptide is precipitated or crystallized from 
a solution that is buffered to pH 5.0 to 9.5. In one embodi 
ment, prior to being buffered, the Solution has a pH of about 
1.5, 2.0 or 3.0. In one embodiment, daptomycin or a dap 
tomycin-related lipopeptide is precipitated or crystallized 
from a Solution of approximately pH 5.5 to approximately 
pH 7.5. In another embodiment, the buffer has a pH of 
approximately 5.9 to approximately pH 6.3. In one embodi 
ment, the buffered solution may be obtained by using a pH 
buffering agent. Examples of pH buffering agents include, 
without limitation, Tris, phosphate, citrate, HEPES, CHES, 
sodium acetate or 2-morpholinoethanesulfonic acid (MES), 
Sodium borate, Sodium cacodylate, imidazole and tri-Sodium 
citrate dihydrate. In a preferred embodiment, the Salt is 
Sodium cacodylate, Sodium acetate, tri-Sodium citrate dihy 
drate, HEPES, MES, CHES, imidazole, calcium acetate and 
Tris-HCl. In a more preferred embodiment, the pH buffer is 
calcium acetate pH 6.1, Sodium acetate pH 6.1, Sodium 
cacodylate pH 6.5, tri-sodium citrate dihydrate pH 5.6, 
HEPES pH 7.5, imidazole pH 8, MES pH 6.0, calcium 
acetate pH 6 and Tris-HCl pH 8.5. In another embodiment, 
the Solution may be buffered by using a Salt that also has 
buffering capacity. In a preferred embodiment, the pH buffer 
is calcium acetate pH 6.1. 
0070 The lipopeptide is precipitated or crystallized using 
hanging drop vapor diffusion from a Solution containing 2 to 
40% low molecular weight or polyhydric alcohol, 0.001 to 
0.5 M salt and 0.005 to 0.2 M pH buffering agent. In a 
preferred embodiment, the lipopeptide is precipitated or 
crystallized from a solution containing 3 to 30% low 
molecular weight or polyhydric alcohol, 0.01 to 0.3 M salt 
and 0.01 to 0.1 M pH buffering agent. In a more preferred 
embodiment, the lipopeptide is precipitated or crystallized 
from a solution containing 5 to 20% low molecular weight 
or polyhydric alcohol, 0.02 to 0. IM salt and 0.02 to 0.07M 
pH buffering agent. The Solution provided may or may not 
include polyethylene glycol (PEG) or polyethylene glycol 
monomethyl ether (PEG-MME). 
0071. The lipopeptide is precipitated or crystallized using 
batch crystallization from a solution containing 65 to 95% 
low molecular weight or polyhydric alcohol, 0.001, to 0.5 M 
salt and 0.001 to 0.2 M pH buffering agent. In a preferred 
embodiment, the lipopeptide is precipitated or crystallized 
from a solution containing 70 to 90% low molecular weight 
or polyhydric alcohol, 0.005 to 0.04 Msalt and 0.005 to 0.04 
M pH buffering agent. In Some embodiments, the lipopep 
tide is crystallized from a Solution which also comprises 
3-8% organic precipitant. In a more preferred embodiment, 
the lipopeptide is precipitated or crystallized from a Solution 
containing 80 to 85% low molecular weight or polyhydric 
alcohol, 0.01 to 0.03 Msalt and 0.01 to 0.03 M pH buffering 
agent. In Some embodiments, the Solution further comprises 
about 4 to 5% organic precipitant, e.g., PEG or PEG-MME. 
In other embodiment, the solution provided does not include 
polyethylene glycol (PEG) or polyethylene glycol monom 
ethyl ether (PEG-MME). 
0.072 The lipopeptide is precipitated or crystallized at a 
temperature from approximately 0° C. to approximately 30 
C. to obtain precipitate or crystal formation, respectively. In 
a preferred embodiment, a lipopeptide is crystallized or 
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precipitated at a temperature of approximately 20-30 C. In 
a more preferred embodiment, the mixture is crystallized or 
precipitated at approximately 23-28 C. In an even more 
preferred embodiment, the mixture is crystallized or pre 
cipitated at approximately 27 C. The mixture may be 
crystallized or precipitated for any time period that results in 
crystallization or precipitation, preferably approximately 
one hour to approximately two weeks. In a preferred 
embodiment, the mixture is Stored for a period of approxi 
mately three hours to approximately 24 hours, more pref 
erably approximately 8-18 hours. 
0073 Lipopeptide crystals or crystal-like particles may 
have a shape that is, without limitation, needle-like, rod-like, 
urchin-like, flake-like, plate-like or clusters thereof. In one 
embodiment, lipopeptide crystals or crystal-like particles are 
urchin-like, rod-like or needle-like. The shape of the crystal 
or crystal-like particle may be determined, inter alia, by 
optical or electron microScopy. In another embodiment, 
lipopeptide crystals or crystal-like particles may be any size 
that is at least approximately 0.5 um in diameter in any one 
dimension. In a more preferred embodiment, lipopeptide 
crystals or crystal-like particle are at least 5 um, more 
preferably at least 10 um. In an even more preferred embodi 
ment, the lipopeptide crystals or crystal-like particles are at 
least 50 lum, more preferably at least 100 lum. The size of the 
crystal may be determined by any method known to one 
having ordinary skill in the art. See, e.g., United States 
Pharmacopeia (USP), pp. 1965-67. 
0074 The properties of a crystalline or crystal-like 
lipopeptide may be determined by any method known to one 
having ordinary skill in the art. The properties that can be 
determined include the crystalline or crystal-like lipopep 
tide's size, shape, birefringence properties, powder X-ray 
diffraction properties, Solid State NMR properties, melting 
temperature and Stability to heat, light, humidity, and deg 
radation. In a preferred embodiment, one having ordinary 
skill in the art may determine whether a lipopeptide is 
crystalline by powder X-ray diffraction. Powder X-ray dif 
fraction is highly useful for determining whether a prepa 
ration is crystalline when the Sample is a randomly-oriented 
collection of Small crystals. Diffraction by a mass of ran 
domly-oriented microcrystals produces a Series of lines or 
rings (dependent of the detector) characteristic of the mol 
ecule Studied and its structure. In a preferred embodiment, 
powder diffraction is measured by an Automated Powder 
Diffraction instrument in order to determine whether a 
lipopeptide is crystalline. See, e.g., Atkins et al., Physical 
Chemistry, pp. 710-716 (1978), herein incorporated by ref 
erence for a discussion of the Debye-Scherrer method for 
powder diffraction. Any powder diffractometer instrument 
known in the art that is equipped with any detector for 
powder diffraction that known in the art could be used to 
measure the diffraction pattern. 
0075. In a preferred embodiment of the invention, a 
lipopeptide is crystallized or precipitated using a buffering 
agent between approximately pH 5.0 and 9.5, a Salt and an 
alcohol at a temperature of approximately 24-28 C. for a 
period of approximately three to 24 hours. In a preferred 
embodiment, the Salt is a buffering agent and comprises a 
divalent cation and the alcohol is a low molecular weight 
alcohol, and the pH is between approximately pH 5.5 and 
7.5. In an even more preferred embodiment, the salt is a 
calcium Salt, the alcohol is isopropanol and the pH is 
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between approximately pH 5.9 and 6.3. In embodiments 
were the Solution includes an organic precipitant, preferably 
the organic precipitant is PEG 4000 or PEG 8000. In another 
embodiment the lipopeptide is precipitated or crystallized 
from a solution containing 12 to 18% glycerol, 0.3 to 0.8m 
salt, 0.03 to 0.08 m pH buffering agent, and 12-18% PEG 
600. In a still further preferred embodiment, the lipopeptide 
is daptomycin or a daptomycin-related lipopeptide. 
Examples 2-3 provide methods for precipitating a highly 
pure crystal-like daptomycin. One having ordinary skill in 
the art, following the teachings of the instant specification, 
may modify the crystallization/precipitation conditions pro 
Vided in the examples to crystallize or precipitate daptomy 
cin, daptomycin-related lipopeptides, or other lipopeptides 
of interest. Further, although the teachings of the instant 
Specification describe the use of a Single crystallization or 
precipitation Step in a proceSS for purifying a lipopeptide, 
one having ordinary skill in the art following the teachings 
of the Specification may use multiple crystallization or 
precipitation Steps in a proceSS for purifying a lipopeptide. 
It may be advantageous to employ multiple rounds of 
crystallization or precipitation as disclosed herein in order to 
further increase purity of the lipopeptide. 
0.076 After crystallization or precipitation, one may col 
lect the crystalline material or crystal-like precipitate by any 
method known in the art. In a preferred embodiment, the 
crystalline material or crystal-like precipitate is collected by 
centrifugation or filtration. In an even more preferred 
embodiment, the crystalline material or crystal-like precipi 
tate is collected by filtration because filtration is easily 
incorporated into a large-scale process for producing a 
lipopeptide. After the crystalline material or crystal-like 
precipitate is collected, it may be washed to remove exceSS 
crystallizing or precipitating reagents. Any wash Solvent 
known in the art may be chosen So long as it does not 
appreciably dissolve the crystalline material or crystal-like 
precipitate. An example of a wash Solvent is provided in 
Example 12. After the crystalline material or crystal-like 
precipitate is washed, it may be dried by any method known 
in the art. Examples of drying methods include air-drying, 
lyophilization (freeze-drying) or desiccation. In a preferred 
method, the crystalline material or crystal-like precipitate is 
desiccated. See, e.g., Example 12. In another embodiment, 
the crystalline lipopeptide's stability may be determined by 
its residual antibiotic activity or its degradation. The anti 
biotic activity may be measured in a Standard agar-diffusion 
assay against various bacterial Strains. See, e.g., Example 32 
of U.S. Pat. No. 4,537,717, specifically incorporated herein 
by reference. The amount of degradation can be measured 
by, inter alia, HPLC analysis, such as that described in 
International PCT Publication WO 01/53330, published Jul. 
26, 2001. In a preferred embodiment, the stability of the 
crystalline lipopeptide is greater than that of the amorphous 
form of the lipopeptide. The stability of the crystalline 
lipopeptide may be determined by exposing the crystalline 
lipopeptide and an amorphous form thereof to heat, light, 
humidity, and measuring the degree of degradation of the 
crystalline form to that of the amorphous form. 
0.077 Degradation of the lipopeptide may be measured 
by determining the biological activity of the lipopeptide or 
any applicable physical parameter. In one embodiment, 
degradation may be measured by determining a particular 
biological activity of a lipopeptide after it has been Subjected 
to heat, light, humidity, changes in pH or extreme pH, and 
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comparing it to the same biological activity of the lipopep 
tide prior to any tests of Stability. The amount of degradation 
may be determined, for example, by determining the per 
centage of biological activity remaining after the test of 
Stability. The percentage of remaining biological activity 
may be compared to that of an amorphous form of the 
lipopeptide that has been Subjected to the Same test. In one 
embodiment, if the lipopeptide is an antibiotic, the crystal 
line lipopeptide may be tested for its antibiotic activity both 
prior to and after a test of its Stability and compared to an 
amorphous form that has been tested prior to and after a 
degradation test. In a preferred embodiment, the lipopeptide 
is daptomycin or a daptomycin-related lipopeptide, and the 
biological activity test determines the amount of antibiotic 
activity of the lipopeptides against gram-positive bacteria. 

0078 Degradation of a lipopeptide may also be measured 
by a physical assay. In one embodiment, degradation may be 
measured by determining the percentage of intact crystalline 
lipopeptide that remains after a test of its Stability. The 
percentage of remaining intact lipopeptide may be compared 
to that of an amorphous form of the lipopeptide that has been 
subjected to the same test for stability. In a preferred 
embodiment, the degradation of the lipopeptide may be 
measured by HPLC, ultraViolet spectroScopy, infrared Spec 
troScopy, NMR, or mass spectroscopy. In an even more 
preferred embodiment, HPLC is used to determine the 
percentage of intact lipopeptide that remains after a crystal 
line form of a lipopeptide has been Subjected to a test of its 
stability. 

0079. Without wishing to be bound by any theory, appli 
cants believe that daptomycin is crystallized by the methods 
described above. However, it is thought that washing and/or 
drying the daptomycin crystals causes the daptomycin crys 
talline material to revert to a non-crystalline but Still crystal 
like form. Nevertheless, even if the methods described 
above only precipitate rather than crystallize the daptomycin 
or other lipopeptide, the methods still are advantageous 
because the methods purify the lipopeptide. 

0080. The invention also provides a crystalline or crystal 
like lipopeptide produced by the above-described methods. 
In one embodiment, the crystalline or crystal-like lipopep 
tide comprises a lower amount of one or more impurities 
compared to the lipopeptide before crystallization or pre 
cipitation. In one embodiment, crystalline or crystal-like 
lipopeptide is daptomycin that comprises a lower level of 
anhydro-daptomycin and/or the P-isomer of daptomycin 
compared to daptomycin before crystallization or precipita 
tion. In another embodiment, crystalline or crystal-like dap 
tomycin comprises a lower level of all impurities compared 
to amorphous daptomycin. Similarly, in another embodi 
ment, the crystalline or crystal-like lipopeptide is a dapto 
mycin-related lipopeptide, as described above, which com 
prises a lower level of one or more impurities compared to 
an amorphous form of the daptomycin-related lipopeptide. 
In yet another embodiment, the crystalline or crystal-like 
daptomycin-related lipopeptide comprises a lower level of 
all impurities compared to an amorphous form of the dap 
tomycin-related lipopeptide. 

0081. The crystalline or crystal-like lipopeptide produced 
by the method described above likely comprises monovalent 
or divalent cations and water. In a preferred embodiment, the 
crystalline or crystal-like lipopeptide is daptomycin or dap 
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tomycin-related lipopeptide that comprises a divalent cation. 
In a more preferred embodiment, the divalent cation is a 
calcium cation. In an even more preferred embodiment, the 
crystalline or crystal-like daptomycin or daptomycin-related 
lipopeptide comprises approximately 1-10% by weight of a 
divalent calcium cation and approximately 0-15% by weight 
of water as determined by atomic absorption or thermal 
gravity analysis. In a further preferred embodiment, the 
crystalline or crystal-like lipopeptide is daptomycin that 
comprises approximately 5% by weight of a divalent cal 
cium cation and approximately 10% by weight of water, by 
HPLC analysis, the purity of the crystalline or crystal-like 
daptomycin is at least 95%, 96%, 97% or 98% or is any 
purity between 95-98%, relative to related substances and 
organic contaminants. Alternatively, the crystalline or crys 
tal-like daptomycin or daptomycin-related lipopeptide com 
prises a monovalent cation Such as Sodium. Without wishing 
to be bound by any theory, it is thought that daptomycin or 
a daptomycin-related lipopeptide may form a Salt with the 
monovalent or divalent cation when it crystallizes or pre 
cipitates. 
0082 The crystalline form of the lipopeptide may exhibit 
an increased Solubility in a Solution or an increased rate of 
reconstitution in a Solution than an amorphous form of the 
lipopeptide. One may measure whether the crystalline 
lipopeptide exhibits an increased Solubility or increased 
reconstitution rate by any method known in the art. For 
instance, one may dissolve a defined amount of a crystalline 
lipopeptide in an aqueous Solution and measure the concen 
tration of the dissolved lipopeptide and compare it to the 
concentration of dissolved lipopeptide that has been pre 
pared by dissolving the same amount of amorphous lipopep 
tide in an aqueous Solution. Similarly, one may measure the 
reconstitution rate of a crystalline lipopeptide by adding the 
crystalline lipopeptide to an aqueous Solution and then 
measuring the concentration of dissolved lipopeptide over 
time and comparing it to the reconstitution rate of an 
amorphous lipopeptide that has been measured in the same 
way. The concentration of lipopeptide is measured by 
HPLC. 

0.083. The methods described above provide for the pro 
duction of crystalline or crystal-like lipopeptides that are 
more pure than the amorphous lipopeptide from which they 
are crystallized or precipitated. In one embodiment, the 
lipopeptide is daptomycin or a daptomycin-related lipopep 
tide. In another embodiment, daptomycin or a daptomycin 
related lipopeptide has a purity of no more than 92% before 
crystallization and has a purity of at least approximately 
95%, 96%, 97% or 98% purity, or any purity between 
95-98%, after crystallization or precipitation as a crystal-like 
lipopeptide. In a still further preferred embodiment, dapto 
mycin or a daptomycin-related lipopeptide has a purity of no 
more than 90% before crystallization and has a purity of 
approximately at least 97% or 98% after crystallization. 
0084. In another embodiment, the daptomycin has a 
purity of no more than 80%, preferably no more than 70% 
and more preferably no more than 60% purity before crys 
tallization or precipitation, and has at least approximately 
95%, 96%, 97% or 98% purity, or any purity between 
95-98%, after purification. In another embodiment, the dap 
tomycin has a purity of no more than 50%, preferably no 
more than 40%, more preferably no more than 30% purity 
before crystallization and has at least approximately 95%, 
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96%, 97% or 98% purity, or any purity between 95-98%, 
after purification by crystallization or precipitation. Further 
preferred is an embodiment in which daptomycin has a 
purity of no more than 20%, more preferably no more than 
15%, even more preferably no more than 10% purity before 
crystallization and has at least approximately 95%, 96%, 
97% or 98% purity, or any purity between 95-98%, after 
purification. 
0085. In a more preferred embodiment, the lipopeptide is 
daptomycin. A daptomycin preparation may be obtained by 
any method disclosed, e.g., in any one U.S. Pats. RE32,333, 
RE32,455, 4,800,157, RE32,310, RE32,311, 4,537,717, 
4,482.487, 4524,135, 4,874,843, 4,885,243 or 5,912,226, 
which are herein incorporated Specifically by reference. A 
daptomycin preparation may also be obtained by one of the 
methods described in International PCT Publication WO 
01/53330, published Jul. 26, 2001. After the lipopeptide 
preparation is prepared, the lipopeptide preparation is crys 
tallized or precipitated following the teachings of the Speci 
fication described herein to produce a crystalline or crystal 
like lipopeptide that is more pure or that contains lower 
levels of Specific impurities, e.g., anhydro-daptomycin, than 
the lipopeptide preparation from which it is prepared. 
0086 Processes for Producing Purified Lipopeptides 
from Fermentation Cultures 

0087 Another embodiment of the present invention is 
drawn to a process combining proceSS chromatography Steps 
and crystallization or precipitation to produce a purified 
lipopeptide. In a preferred embodiment, the method com 
prises the Steps of producing a lipopeptide by any method 
known in the art, Such as fermentation of a naturally 
occurring or recombinant organism, and then Subjecting the 
lipopeptide preparation to any one or more purification 
methods Such as microfiltration, anion exchange chroma 
tography, hydrophobic interaction chromatography, and/or 
Size exclusion chromatography (either via traditional size 
exclusion chromatographic media or via ultrafiltration) to 
produce a lipopeptide preparation that has been partially 
purified, and then crystallizing or precipitating the lipopep 
tide preparation to obtain a purified crystalline or crystal-like 
lipopeptide. In a preferred embodiment, the lipopeptide is 
daptomycin or a daptomycin-related lipopeptide. The Steps 
regarding fermentation, microfiltration, anion exchange 
chromatography, hydrophobic interaction chromatography 
and ultrafiltration are disclosed in the art, e.g., in any one 
U.S. Pats. RE32,333, RE32,455, 4,800,157, RE32,310, 
RE32,311, 4,537,717, 4,482.487, 4524,135, 4,874,843, 
4.885,243 or 5,912,226, in International Publication WO 
01/53330, published Jul. 26, 2001. 
0088. The method optionally comprises the step of col 
lecting and/or washing the crystalline or crystal-like material 
after the crystallization or precipitation Step. In a preferred 
embodiment, the crystalline lipopeptide preparation may be 
collected by filtration. In another embodiment, the crystal 
line or crystal-like material is dried. 
0089. In one embodiment, the purification method com 
prises fermenting Streptomyces roseosporus to obtain a 
fermentation culture containing daptomycin. In one embodi 
ment, the S. roseosporus may be fermented as described in 
U.S. Pat. No. 4.885,243. In another embodiment, the fer 
mentation conditions in which the A-21978Co-containing 
crude product is produced by Streptomyces roSeOSporus is 
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altered in order to increase daptomycin production and 
decrease impurities and related contaminants produced by 
the S. roseosporus fermentation culture as described in 
International PCT Publication WO 01/53330, published Jul. 
26, 2001. The WO 01/53330 publication describes ferment 
ing S. roseosporus as described in the 243 patent with the 
modification that the decanoic acid feed is kept at the lowest 
levels possible without diminishing the overall yield of the 
fermentation. 

0090 Alternatively, daptomycin may be obtained by fer 
menting a bacterial Strain or other producing organism that 
recombinantly produces daptomycin. In one embodiment, 
the recombinant bacterial Strain or other recombinant organ 
ism comprises the daptomycin biosynthetic gene cluster. In 
another embodiment, the daptomycin biosynthetic gene 
cluster or a portion thereof is introduced into the organism 
or bacterial Strain via a bacterial artificial chromosome 
(BAC). In another embodiment, the recombinant bacterial 
Strain used is S. roseosporus or S. lividans comprising a 
BAC containing the daptomycin biosynthetic gene cluster. 
U.S. Provisional Application 60/272,207, filed Feb. 28, 2001 
describes the daptomycin biosynthetic gene cluster from S. 
rOSeOSporus and uses thereof, and is hereby incorporated by 
reference in its entirety. 
0.091 After fermentation, the fermentation broth is clari 
fied by centrifugation, microfiltration or extraction, as is 
known in the art or as described in the WO O1/53330 
publication. In a preferred embodiment, the clarification is 
performed by microfiltration. See, e.g., Examples 13-16 and 
FIGS. 11-15. FIG. 11 shows an exemplary manufacturing 
process that does not use crystallization or precipitation. 

0092. After the fermentation broth is clarified, the con 
centration of daptomycin in the broth is approximately 
5-10%. In one embodiment of the invention, the daptomycin 
preparation is Subjected to a crystallization/precipitation 
method described above directly subsequent to microfiltra 
tion. In one embodiment, crystallization or precipitation is 
performed under Sterile conditions. After crystallization or 
precipitation is complete, the crystalline or crystal-like dap 
tomycin is optionally collected, washed and dried, as 
described in further detail below. The dry bulk active drug 
may then be used to dry fill Sterile Vials. See, e.g., Example 
16 and FIG. 12. 

0093. After clarification of the fermentation broth, the 
lipopeptide may be enriched in the preparation by anion 
eXchange chromatography, as is known in the art or as 
described in the WO 01/53330 publication or herein. See, 
e.g., Examples 13-14 and FIGS. 12-13. After anion 
eXchange chromatography, the purity of daptomycin in the 
broth is approximately 35-40%. In one embodiment of the 
invention, the daptomycin preparation is then Subjected to a 
crystallization or precipitation method described above 
directly Subsequent to anion exchange chromatography. In 
one embodiment, crystallization or precipitation is per 
formed under Sterile conditions. After crystallization or 
precipitation is complete, the crystalline or crystal-like dap 
tomycin is optionally collected, washed and dried as 
described below. The dry bulk active drug may then be used 
to dry fill sterile vials. See, e.g., Example 14 and FIG. 13. 
0094. In another embodiment of the invention, the dap 
tomycin preparation is Subjected to Size exclusion ultrafil 
tration after anion eXchange chromatography. Size exclusion 
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ultrafiltration is described in the WO 01/53330 publication. 
The application published Jul. 26, 2001 describes a method 
of depyrogenating, filtering and concentrating the daptomy 
cin using an ultrafiltration membrane of 10,000 to 30,000 
nominal molecular weight (NMW). The application dis 
closes a method in which the lipopeptide passes through the 
ultrafiltration membrane while large molecular weight 
impurities, Such as endotoxins, are retained by the filter. 
After the lipopeptide has passed through the membrane, the 
pH, temperature and/or Salt concentration of the lipopeptide 
Solution are altered Such that the lipopeptides form micelles. 
The lipopeptide solution is then filtered on the ultrafiltration 
membrane under conditions in which the lipopeptide 
micelles are retained on the membrane while Smaller impu 
rities pass through the filter. In this manner, the lipopeptide 
is further purified. The application discloses the conditions 
under which lipopeptide micelles may be formed and dis 
asSociated as well as methods for filtering the lipopeptide 
Solution to obtain a more purified lipopeptide application. In 
an even more preferred embodiment, the lipopeptide is 
daptomycin or a daptomycin-related lipopeptide. The 
lipopeptide may then be crystallized, as described herein. 
After both anion exchange chromatography and Size exclu 
Sion ultrafiltration, daptomycin purity is approximately 
80-90%. As discussed above, the daptomycin preparation is 
then Subjected to a crystallization/precipitation method 
described above, preferably under sterile conditions. The 
crystalline or crystal-like daptomycin may be optionally 
collected, washed, dried and used to dry fill vials as 
described below. See, e.g., Example 13 and FIG. 12. 

0095. In another embodiment of the invention, the crude 
daptomycin preparation is Subjected to Size exclusion ultra 
filtration without anion exchange chromatography. After 
Size exclusion ultrafiltration, daptomycin purity is approxi 
mately 35-40%. The lipopeptide may then be crystallized or 
precipitated as described herein, preferably by Sterile meth 
ods. AS discussed above, the crystalline or crystal-like 
daptomycin may be collected, washed, dried and used to dry 
fill sterile vials. See, e.g., Example 15 and FIG. 14. 

0096. In an alternative embodiment, the lipopeptide 
preparation is Subjected to hydrophobic interaction chroma 
tography (HIC), such as is described in the WO 01/53330 
publication, after either the anion eXchange chromatography 
or the size exclusion filtration. The lipopeptide may then be 
crystallized or precipitated as described herein. 

0097. After crystallization or precipitation, the crystalline 
or crystal-like lipopeptide may be collected by a method 
described herein, e.g., by filtration or centrifugation. The 
crystalline or crystal-like lipopeptide is optionally washed to 
remove residual crystallization or precipitation Solvent. A 
method of Washing crystals or crystal-like material are 
described below. See, e.g., Example 3. The washed or 
unwashed crystal or crystal-like material may be dried. The 
drying may be performed by any method known in the art, 
including, without limitation, Vacuum drying, Spray drying, 
tray drying or lyophilization. In one embodiment, the drying 
is performed under Sterile conditions. In another embodi 
ment, the drying is performed by vacuum drying. In a more 
preferred embodiment, the drying is performed using a 0.65 
m Klein Hastelloy-B double cone vacuum dryer or an 
equivalent apparatus. The dried crystalline or crystal-like 
lipopeptide is stable and is easily Stored. 
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0098. In one embodiment, vials are filled with any con 
Venient amount of the dried crystalline or crystal-like 
lipopeptide. In one embodiment, the Vials are filled under 
Sterile conditions and then Stoppered. In another embodi 
ment, the vials are filled with 50 to 5000 mg each of the 
dried crystalline or crystal-like lipopeptide. In another 
embodiment, the vials are filled with 100 to 1000 mg each. 
In another embodiment, the vials are filled with 200 to 500 
mg each. In another embodiment, the dried crystalline or 
crystal-like lipopeptide is used for bulk packaging of the 
lipopeptide. The bulk packaging is usually greater than 5000 
mg each of the dried crystalline or crystal-like lipopeptide. 
In one embodiment, the bulk packaging is performed under 
Sterile conditions. 

0099. In one embodiment, the crystallization or precipi 
tation Step is performed under Sterile conditions. In this 
embodiment, Sterile crystallization or precipitation reagents 
and a Sterile, controlled working environment are used. In 
one embodiment, the lipopeptide is filtered on a ultrafiltra 
tion membrane, as disclosed above, before being mixed with 
the Sterile crystallization/precipitation reagents. After crys 
tallization or precipitation, the crystalline or crystal-like 
lipopeptide preparation is collected by centrifugation or 
filtration under Sterile conditions. In one embodiment, the 
lipopeptide preparation is collected by Sterile filtration. In 
another embodiment, the crystalline or crystal-like lipopep 
tide is sterilized after it has been collected. Methods of 
Sterile crystallization, precipitation and filtration as well as 
methods of sterilizing a final pharmaceutical product are 
known in the art. See, e.g., Remington. The Science and 
Practice of Pharmacy, Easton, Pa...: Mack Publishing Com 
pany (1995), pp. 1474-1487, herein incorporated by refer 
CCC. 

0100. In another embodiment, the crystalline or crystal 
like lipopeptide is not dried. In this embodiment, the crys 
talline or crystal-like lipopeptide is preferably Stored in a 
Solution that preserves the crystalline or crystal-like nature 
of the lipopeptide. Vials may be filled with the lipopeptide 
and Solution under Sterile or nonsterile conditions. In one 
embodiment, the conditions are Sterile. Alternatively, the 
crystalline or crystal-like lipopeptide and Solution may be 
used to fill bulk packaging. 
0101 FIGS. 10 and 11 provide flowcharts describing an 
exemplary daptomycin manufacturing protocol using crys 
tallization. The incorporation of Sterile crystallization into 
the manufacturing protocol shortens the protocol consider 
ably and eliminates 3 to 4 Steps in the process. 
0102) Crystalline or Crystal-like Lipopeptides Pharma 
ceutical Compositions and Methods of Use Thereof 
0103) Another object of the instant invention is to provide 
crystalline or crystal-like lipopeptides or Salts thereof, as 
well as pharmaceutical formulations comprising a crystal 
line or crystal-like lipopeptide or its Salts. In one embodi 
ment, the crystalline or crystal-like lipopeptide is daptomy 
cin. However, all reference herein to crystalline or crystal 
like lipopeptides Specifically contemplates daptomycin, a 
daptomycin-related molecule, including, inter alia, dapto 
mycin, A54145 and a daptomycin-related lipopeptide, as 
disclosed above. 

0104 Daptomycin crystals or crystal-like particles, as 
well as other lipopeptide crystals or crystal-like particles 
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may have a shape Such as, inter alia, a needle-like shape, a 
plate-like shape, a lath-like shape, an equant-like shape, an 
urchin-like shape or a rod-like shape. In one embodiment, 
daptomycin crystals or crystal-like particles have an urchin 
like, needle-like or rod-like shape. The size of the crystals or 
crystal-like particles may range from approximately 0.5 lim 
to greater than 100 um. In one embodiment, the particle size 
is at least 5 um or greater. In a more preferred embodiment, 
the particle size is at least 10 um or greater, more preferably 
at least 50 lum. In an even more preferred embodiment, the 
particle size is at least 100 um. 

0105. Further, in one embodiment, daptomycin crystals 
have an X-ray diffraction pattern as shown in FIGS. 6, 7 and 
8. In another embodiment, the lipopeptide crystal exhibits a 
different melting point than the amorphous form of the 
lipopeptide. 

0106. In one embodiment of the invention, a crystalline 
form of a lipopeptide exhibits a Stability that is equal to or 
greater than the amorphous form of the lipopeptide. In a 
preferred embodiment, the crystalline form is daptomycin or 
a daptomycin-related lipopeptide. In another preferred 
embodiment, the crystalline lipopeptide is Sterile. In another 
preferred embodiment, the stability of the crystalline 
lipopeptide is greater than the amorphous form of the 
lipopeptide. The crystalline lipopeptide may exhibit higher 
Stability to heat, light, degradation or humidity than the 
amorphous form. The stability of the lipopeptide may be 
measured by any means including, e.g., antibiotic activity, 
degradation of the lipopeptide or conversion of daptomycin 
to anhydro-daptomycin or the B-isomer of daptomycin. In 
another embodiment of the invention, the crystalline form of 
the lipopeptide may be more quickly reconstituted in aque 
ous Solution than the amorphous form of the lipopeptide. 
0107 Crystalline or crystal-like lipopeptides, such as 
daptomycin or a daptomycin-related lipopeptide, pharma 
ceutically-acceptable Salts, esters, amides, ethers and pro 
tected forms thereof, can be formulated for oral, intravenous, 
intramuscular, Subcutaneous, aeroSol, topical or parenteral 
administration for the therapeutic, empirical or prophylactic 
treatment of diseases, particularly bacterial infections. Ref 
erence herein to “crystalline or crystal-like lipopeptides' or 
“crystalline or crystal-like daptomycin' includes pharma 
ceutically acceptable Salts thereof. Crystalline or crystal-like 
lipopeptides, Such as daptomycin, may be particularly 
advantageous for pharmaceutical compositions because they 
can be easily formulated as micronized particles of micro 
Spheres, which permits the facile preparation of enterically 
coated lipopeptides for oral delivery, pharmaceutical com 
positions for aerosol delivery to, e.g., the lung, and the 
preparation of lipopeptides formulations for Sustained 
release. Crystalline or crystal-like lipopeptides and crystal 
line or crystal-like daptomycin may also be more readily 
dissolved in aqueous Solution. 
0.108 Crystalline or crystal-like lipopeptides, including 
daptomycin or daptomycin-related lipopeptides can be for 
mulated using any pharmaceutically acceptable carrier or 
excipient that is compatible with daptomycin or with the 
lipopeptide of interest. See, e.g., Handbook of Pharmaceu 
tical Additives: An International Guide to More than 6000 
Products by Trade Name, Chemical, Function, and Manu 
facturer, Ashgate Publishing Co., eds., M. Ash and I. Ash, 
1996; The Merck Index: An Encyclopedia of Chemicals, 
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Drugs and Biologicals, ed. S. Budavari, annual; Reming 
ton's Pharmaceutical Sciences, Mack Publishing Company, 
Easton, Pa.; Martindale: The Complete Drug Reference, ed. 
K. Parfitt, 1999; and Goodman & Gilman's The Pharma 
ceutical Basis of Therapeutics, Pergamon Press, New York, 
N.Y., ed. L. S. Goodman et al., the contents of which are 
incorporated herein by reference, for a general description of 
the methods for administering various antimicrobial agents 
for human therapy. Compounds of this invention can be 
mixed with conventional pharmaceutical carriers and excipi 
ents and used in the form of tablets, capsules, elixirs, 
Suspensions, Syrups, wafers, creams and the like. Com 
pounds of this invention may also be mixed with other 
therapeutic agents and antibiotics, Such as discussed herein. 
The compositions comprising a compound of this invention 
will contain from about 0.1 to about 90% by weight of the 
active compound, and more generally from about 10 to 
about 30%. 

0109 The compositions of the invention can be delivered 
using controlled (e.g., capsules) or Sustained release deliv 
ery Systems (e.g., bioerodable matrices). Exemplary delayed 
release delivery Systems for drug delivery that are Suitable 
for administration of the compositions of the invention are 
described in U.S. Pat. No. 4,452,775 (issued to Kent), U.S. 
Pat. No. 5,239,660 (issued to Leonard), U.S. Pat. No. 
3,854,480 (issued to Zaffaroni). 
0110. The compositions may contain common carriers 
and excipients, Such as corn Starch or gelatin, lactose, 
Sucrose, microcrystalline cellulose, kaolin, mannitol, dical 
cium phosphate, Sodium chloride and alginic acid. The 
compositions may contain croScarmellose Sodium, microc 
rystalline cellulose, corn Starch, Sodium Starch glycolate and 
alginic acid. 

0111 Tablet binders that can be included are acacia, 
methylcellulose, Sodium carboxymethylcellulose, polyvi 
nylpyrrolidone (PoVidone), hydroxypropyl methylcellulose, 
Sucrose, Starch and ethylcellulose. 

0112 Lubricants that can be used include magnesium 
Stearate or other metallic Stearates, Stearic acid, Silicone 
fluid, talc, waxes, oils and colloidal Silica. 
0113 Flavoring agents Such as peppermint, oil of win 
tergreen, cherry flavoring or the like can also be used. It may 
also be desirable to add a coloring agent to make the dosage 
form more aesthetic in appearance or to help identify the 
product. 

0114. For oral use, Solid formulations such as tablets and 
capsules are particularly useful. Sustained release or enteri 
cally coated preparations may also be devised. In another 
embodiment, crystalline or crystal-like lipopeptides may be 
Supplied in combination with a carrier composition that 
enhances the oral availability of the lipopeptide. In a pre 
ferred embodiment, the crystalline or crystal-like lipopep 
tide is daptomycin. For pediatric and geriatric applications, 
Suspensions, Syrups and chewable tablets are especially 
Suitable. For oral administration, the pharmaceutical com 
positions are in the form of, for example, a tablet, capsule, 
Suspension or liquid. The pharmaceutical composition is 
preferably made in the form of a dosage unit containing a 
therapeutically-effective amount of the active ingredient. 
Examples of Such dosage units are tablets and capsules. For 
therapeutic purposes, the tablets and capsules which can 
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contain, in addition to the active ingredient, conventional 
carrierS Such as binding agents, for example, acacia gum, 
gelatin, polyvinylpyrrollidone, Sorbitol, or tragacanth; fillers, 
for example, calcium phosphate, glycine, lactose, maize 
Starch, Sorbitol, or Sucrose; lubricants, for example, magne 
sium Stearate, polyethylene glycol, Silica, or talc, disinte 
grants, for example, potato Starch, flavoring or coloring 
agents, or acceptable wetting agents. Oral liquid prepara 
tions generally are in the form of aqueous or oily Solutions, 
Suspensions, emulsions, Syrups or elixirs may contain con 
ventional additives Such as Suspending agents, emulsifying 
agents, non-aqueous agents, preservatives, coloring agents 
and flavoring agents. Oral liquid preparations may comprise 
lipopeptide micelles or monomeric forms of the lipopeptide. 
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, methyl or propyl para-hydroxybenzoate, 
propylene glycol, Sorbitol, or Sorbic acid. 

0115 For intravenous (IV) use, a water soluble form of a 
compound of this invention can be dissolved in any of the 
commonly used intravenous fluids and administered by 
infusion. Intravenous formulations may include carriers, 
excipients or Stabilizers including, without limitation, cal 
cium, human Serum albumin, citrate, acetate, calcium chlo 
ride, carbonate, and other Salts. Intravenous fluids include, 
without limitation, physiological Saline or Ringer's Solution. 
Daptomycin or other lipopeptides also may be placed in 
injectors, cannulae, catheters and lines. 
0116 Formulations for parenteral administration can be 
in the form of aqueous or non-aqueous isotonic Sterile 
injection Solutions or Suspensions. These Solutions or SuS 
pensions can be prepared from Sterile powders or granules 
having one or more of the carriers mentioned for use in the 
formulations for oral administration. The crystalline or crys 
tal-like lipopeptides can be dissolved in polyethylene glycol, 
propylene glycol, ethanol, corn oil, benzyl alcohol, Sodium 
chloride, and/or various buffers. For intramuscular, 
parenteral or intravenous preparations, a Sterile formulation 
of a crystalline or crystal-like lipopeptide compound or a 
suitable soluble salt form of the compound, for example the 
hydrochloride Salt, can be dissolved and administered in a 
pharmaceutical diluent such as Water-for-Injection (WFI), 
physiological Saline or 5% glucose. A Suitable insoluble 
form of the crystalline or crystal-like lipopeptide also 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. 
0117 Injectable depot forms may be made by forming 
microencapsulated matrices of the crystalline or crystal-like 
lipopeptide in biodegradable polymerS Such as polylactide 
polyglycolide. Depending upon the ratio of drug to polymer 
and the nature of the particular polymer employed, the rate 
of drug release can be controlled. Examples of other biode 
gradable polymers include poly(orthoesters) and poly(anhy 
drides). Depot injectable formulations are also prepared by 
entrapping the drug in microemulsions that are compatible 
with body tissues. 
0118 For topical use the compounds of the 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, liquid 
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Sprays or inhalants, lozenges, or throat paints. Such topical 
formulations further can include chemical compounds Such 
as dimethylsulfoxide (DMSO) to facilitate surface penetra 
tion of the active ingredient. For topical preparations, a 
Sterile formulation comprising a crystalline or crystal-like 
lipopeptide, Such as crystalline or crystal-like daptomycin, a 
Suitable Salt form thereof, may be administered in a cream, 
ointment, Spray or other topical dressing. Topical prepara 
tions may also be in the form of bandages that have been 
impregnated with a lipopeptide composition. 
0119 For application to the eyes or ears, the compounds 
of the present invention can be presented in liquid or 
semi-liquid form formulated in hydrophobic or hydrophilic 
bases as ointments, creams, lotions, paints or powders. 
0120 For rectal administration the compounds of the 
present invention can be administered in the form of Sup 
positories admixed with conventional carrierS Such as cocoa 
butter, wax or other glyceride. 
0121 For aerosol preparations, a sterile formulation of a 
crystalline or crystal-like lipopeptide or a Salt form of the 
compound may be used in inhalers, Such as metered dose 
inhalers, and nebulizers. AeroSolized forms may be espe 
cially useful for treating respiratory infections, Such as 
pneumonia and Sinus-based infections. 
0122) Alternatively, the compounds of the present inven 
tion can be in powder crystalline or crystal-like form for 
reconstitution in the appropriate pharmaceutically accept 
able carrier at the time of delivery. In another embodiment, 
the unit dosage form of the compound can be a Solution of 
the compound or a Salt thereof in a Suitable diluent in Sterile, 
hermetically Sealed ampules. The concentration of the com 
pound in the unit dosage may vary, e.g. from about 1 percent 
to about 50 percent, depending on the compound used and 
its solubility and the dose desired by the physician. If the 
compositions contain dosage units, each dosage unit pref 
erably contains approximately from 10-5000 mg of the 
active material, more preferably 50 to 1000 mg, and even 
more preferably 100 to 500 mg. For adult human treatment, 
the dosage employed preferably ranges from I 00 mg to 3 g, 
per day, depending on the route and frequency of adminis 
tration. 

0123. In a further aspect, this invention provides a 
method for treating an infection caused by a gram-positive 
bacteria in a Subject. In a preferred embodiment, the method 
may be used to treat an infection caused by a gram-positive 
bacteria. The term “treating is defined as administering, to 
a Subject, a therapeutically-effective amount of a compound 
of the invention, both to prevent the occurrence of an 
infection and to control or eliminate an infection, e.g., an 
established infection. The term “subject”, as described 
herein, is defined as a mammal, a plant or a cell culture. AS 
used herein, the phrase “therapeutically-effective amount' 
means an amount of daptomycin, daptomycin-related 
lipopeptide or other antibacterial lipopeptide according to 
the present invention that prevents the onset, alleviates the 
Symptoms, or stops the progression of a bacterial infection. 
In a preferred embodiment, a Subject is a human or other 
animal patient in need of lipopeptide treatment. An estab 
lished infection may be one that is acute or chronic. An 
effective dose is generally between about 0.1 and about 75 
mg/kg crystalline or crystal-like lipopeptide, Such as crys 
talline or crystal-like daptomycin or daptomycin-related 
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lipopeptide, or a pharmaceutically acceptable Salt thereof. A 
preferred dose is from about 1 to about 25 mg/kg of 
crystalline or crystal-like daptomycin or daptomycin-related 
lipopeptide or a pharmaceutically acceptable Salt thereof. A 
more preferred dose is from about 1 to 12 mg/kg crystalline 
or crystal-like daptomycin, a crystalline or crystal-like dap 
tomycin-related lipopeptide or a pharmaceutically accept 
able salt thereof. An even more preferred dose is about 3 to 
8 mg/kg crystalline or crystal-like daptomycin or daptomy 
cin-related lipopeptide or a pharmaceutically acceptable Salt 
thereof. Exemplary procedures for delivering an antibacte 
rial agent are described in U.S. Pat. No. 5,041,567, issued to 
Rogers and in International PCT Publication WO95/05384, 
the entire contents of which documents are incorporated in 
their entirety herein by reference. 
0.124. The crystalline or crystal-like lipopeptide, e.g., 
daptomycin, can be administered as a Single daily dose or in 
multiple doses per day. The treatment regime may require 
administration over eXtended periods of time, e.g., for 
several days or for from two to four weeks. The amount per 
administered dose or the total amount administered will 
depend on Such factors as the nature and Severity of the 
infection, the age and general health of the patient, the 
tolerance of the patient to the lipopeptide and the microor 
ganism or microorganisms involved in the infection. A 
method of administration is disclosed in WO 00/18419, 
published Apr. 6, 2000, herein incorporated by reference. 
====The methods of the present invention comprise admin 
istering a compound of the invention, or a pharmaceutical 
composition thereof to a patient in need thereof in an amount 
that is efficacious in reducing or eliminating the gram 
positive bacterial infection. The lipopeptide may be admin 
istered orally, parenterally, by inhalation, topically, rectally, 
nasally, buccally, vaginally, or by an implanted reservoir, 
external pump or catheter. The lipopeptide may be prepared 
for opthalmic or aeroSolized uses. Compounds of the inven 
tion, or pharmaceutical compositions thereof also may be 
directly injected or administered into an absceSS, Ventricle or 
joint. Parenteral administration includes Subcutaneous, 
intravenous, intramuscular, intra-articular, intra-Synovial, 
cisternal, intrathecal, intrahepatic, intralesional and intrac 
ranial injection or infusion. In a preferred embodiment, 
crystalline or crystal-like daptomycin, daptomycin-related 
lipopeptide or other lipopeptide is administered intrave 
nously, Subcutaneously or orally. 
0.125 The method of the instant invention may be used to 
treat a patient having a bacterial infection in which the 
infection is caused or exacerbated by any type of gram 
positive bacteria. In a preferred embodiment, crystalline or 
crystal-like daptomycin, daptomycin-related lipopeptide or 
other lipopeptide, or pharmaceutical compositions thereof, 
are administered to a patient according to the methods of this 
invention. In another embodiment, the bacterial infection 
may be caused or exacerbated by bacteria including, but not 
limited to, methicillin-Susceptible and methicillin-resistant 
Staphylococci (including StaphylococcuS aureus, Staphylo 
coccuS epidermidis, StaphylococcuS haemolyticus, Staphy 
lococcuS hominis, StaphylococcuS Saprophyticus, and 
coagulase-negative Staphylococci), glycopeptide intermedi 
ary-Susceptible Staphylococcus aureus (GISA), penicillin 
Susceptible and penicillin-resistant Streptococci (including 
StreptococcuS pneumoniae, Streptococcus pyogenes, Strep 
toCOccuS agalactiae, StreptococcuS avium, StreptococcuS 
bovis, StreptococcuS lactis, StreptococcuS Sangius and 
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Streptococci Group C, Streptococci Group G and viridans 
Streptococci), enterococci (including Vancomycin-Suscep 
tible and Vancomycin-resistant Strains Such as EnterOCOccuS 
faecalis and Enterococcus faecium), CloStridium difficile, 
Clostridium cloStridiiforme, CloStridium innocuum, 
Clostridium perfringens, CloStridium ramosum, Haemophi 
lus influenzae, Listeria monocytogenes, Corynebacterium 
jeikeium, Bifidobacterium spp., Eubacterium aerofaciens, 
Eubacterium lentum, Lactobacillus acidophilus, Lactobacil 
lus casei, Lactobacillus plantarum, LactococcuS spp., Leu 
conoStoc spp., PediocOccus, PeptoStreptococcuS anaero 
bius, Peptostreptococcus aSaccarolyticus, 
PeptoStreptococcuS magnus, PeptoStreptococcuS microS, 
PeptoStreptococcuS prevOtii, PeptoStreptococcuS productus, 
Propionibacterium acnes, and Actinomyces spp. 
0.126 The antibacterial activity of daptomycin against 
classically “resistant Strains is comparable to that against 
classically "Susceptible' Strains in in vitro experiments. In 
addition, the minimum inhibitory concentration (MIC) value 
for daptomycin against Susceptible Strains is typically 4-fold 
lower than that of Vancomycin. Thus, in a preferred embodi 
ment, a compound of the invention, or a pharmaceutical 
composition of any one of these crystalline or crystal-like 
lipopeptides, is administered according to the methods of 
this invention to a patient who exhibits a bacterial infection 
that is resistant to other antibiotics, including Vancomycin. 
In addition, unlike glycopeptide antibiotics, daptomycin 
exhibits rapid, concentration-dependent bactericidal activity 
against gram-positive organisms. Thus, in a preferred 
embodiment, compounds of the invention, or a pharmaceu 
tical composition of any one of these crystalline or crystal 
like lipopeptides, is administered according to the methods 
of this invention to a patient in need of rapidly acting 
antibiotic therapy. 

0127. The method of the instant invention may be used 
for a gram-positive bacterial infection of any organ or tissue 
in the body. These organs or tissue include, without limita 
tion, Skeletal muscle, skin, bloodstream, kidneys, heart, lung 
and bone. The method of the invention may be used to treat, 
without limitation, Skin and Soft tissue infections, bacter 
emia and urinary tract infections. The method of the inven 
tion may be used to treat community acquired respiratory 
infections, including, without limitation, otitis media, Sinusi 
tis, chronic bronchitis and pneumonia, including pneumonia 
caused by drug-resistant StreptoOCOccuS pneumoniae or 
Haemophilus influenzae. The method of the invention also 
may be used to treat mixed infections that comprise different 
types of gram-positive bacteria, including aerobic, 
caprophilic or anaerobic bacteria. These types of infections 
include intra-abdominal infections, pneumonia, bone and 
joint infections and obstetrical/gynecological infections. The 
method of the invention also may be used to treat an 
infection including, without limitation, endocarditis, nephri 
tis, Septic arthritis and Osteomyelitis. In a preferred embodi 
ment, any of the above-described diseases may be treated 
using crystalline or crystal-like daptomycin, daptomycin 
related lipopeptide, antibacterial lipopeptide, or pharmaceu 
tical compositions of any one of these crystalline or crystal 
like lipopeptides. 
0128. Crystalline or crystal-like daptomycin, daptomy 
cin-related lipopeptide or other lipopeptide may also be 
administered in the diet or feed of a patient or animal. If 
administered as part of a total dietary intake, the amount of 
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daptomycin or other lipopeptide can be leSS than 1% by 
weight of the diet and preferably no more than 0.5% by 
weight. The diet for animals can be normal foodstuffs to 
which daptomycin or other lipopeptide can be added or it 
can be added to a premix. 

0129. The method of the instant invention may also be 
practiced while concurrently administering another form of 
daptomycin or other lipopeptide antibiotic, e.g., one that is 
not crystalline or crystal-like, or with one or more antifungal 
agents and/or one or more antibiotics other than crystalline 
or crystal-like daptomycin or other crystalline or crystal-like 
lipopeptide antibiotics. Co-administration of an antifungal 
agent and an antibiotic other than crystalline or crystal-like 
daptomycin or another lipopeptide antibiotic may be useful 
for mixed infections Such as those caused by different types 
of gram-positive bacteria, or those that caused by both 
bacteria and fungus. Furthermore, crystalline or crystal-like 
daptomycin or other lipopeptide antibiotic may improve the 
toxicity profile of one or more co-administered antibiotics. 
It has been shown that administration of daptomycin and an 
aminoglycoside may ameliorate renal toxicity caused by the 
aminoglycoside. In a preferred embodiment, an antibiotic 
and/or antifungal agent may be administered concurrently 
with a compound of this invention, or in a pharmaceutical 
composition comprising a compound of this invention. 

0.130 Antibacterial agents and classes thereof that may 
be co administered with a compound of the present inven 
tion include, without limitation, penicillins and related 
drugs, carbapenems, cephalosporins and related drugs, ami 
noglycosides, bacitracin, gramicidin, mupirocin, chloram 
phenicol, thiamphenicol, fusidate Sodium, lincomycin, clin 
damycin, macrollides, novobiocin, polymyxins, rifamycins, 
Spectinomycin, tetracyclines, Vancomycin, teicoplanin, 
Streptogramins, anti-folate agents including Sulfonamides, 
trimethoprim and its combinations and pyrimethamine, Syn 
thetic antibacterials including nitrofurans, methenamine 
mandelate and methenamine hippurate, nitroimidazoles, 
quinolones, fluoroquinolones, isoniazid, ethambutol, pyrazi 
namide, para-aminosalicylic acid (PAS), cycloserine, 
capreomycin, ethionamide, prothionamide, thiacetazone, 
Viomycin, everninomycin, glycopeptide, glycylcylcline, 
ketolides, oxazolidinone, imipenen, amikacin, netilmicin, 
fosfomycin, gentamicin, ceftriaxone, Ziracin, LY 333328, 
CL 331002, HMR 3647, Linezolid, Synercid, Aztreonam, 
and Metronidazole, Epiroprim, OCA 983, GV 143253, 
Sanfetrinem sodium, CS 834, Biapenem, A 99058.1, 
A 165600, A 179796, KA 159, Dynemicin A, DX8739, 
DU 6681; Cefluprenam, ER 35786, Cefoselis, Sanfetrinem 
celexetil, HGP 31, Cefpirome, HMR 3647, RU 59863, 
Mersacidin, KP 736, Rifalazil; Kosan, AM 1732, MEN 
10700, Lenapenem, BO 2502A, NE 1530, PR 39, K130, 
OPC 20000, OPC 2045, Veneprim, PD 138312, PD 140248, 
CP 111905, Sulopenem, ritipenam acoxyl, RO 65 5788, 
Cyclothialidine, Sch 40832, SEP 132613, micacocidin A, 
SB 275833, SR 15402, SUN AO026, TOC 39, caru 
monam, CefoZopran, Cefetamet pivoxil, and T 3811. 

0131. In a preferred embodiment, antibacterial agents 
that may be co administered with a compound according to 
this invention include, without limitation, imipenen, amika 
cin, netilmicin, fosfomycin, gentamicin, ceftriaxone, teico 
planin, Ziracin, LY333328, CL 331002, HMR 3647, Lin 
eZolid, Synercid, Aztreonam, and Metronidazole. 
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0132) Antifungal agents that may be co administered with 
a compound according to this invention include, without 
limitation, Caspofungen, Voriconazole, Sertaconazole, 
IB 367, FK 463, LY 303366, Sch 56592, Sitafloxacin, 
DB 289 polyenes, such as Amphotericin, Nystatin, Prima 
ricin; azoles, Such as Fluconazole, Itraconazole, and Keto 
conazole; allylamines, Such as Naftifine and Terbinafine; and 
anti-metabolites Such as Flucytosine. Other antifungal 
agents include without limitation, those disclosed in Fostel 
et al., Drug Discovery Today 5:25 32 (2000), herein incor 
porated by reference. Fostel et al. disclose antifungal com 
pounds including Corynecandin, Mer WF3010, Fusacan 
dins, Artrichitin/LL 15G256(, Sordarins, Cispentacin, 
AZOxybacillin, Aureobasidin and Khafrefungin. 
0.133 Compounds of this invention, or a pharmaceutical 
composition of any one or more of these crystalline or 
crystal-like lipopeptides, may be administered according to 
this method until the bacterial infection is eradicated or 
reduced. In one embodiment, the crystalline or crystal-like 
lipopeptide is administered for a period of time from 
approximately 3 days to approximately 6 months. In a 
preferred embodiment, the crystalline or crystal-like 
lipopeptide is administered for 7 to 56 days. In a more 
preferred embodiment, the crystalline or crystal-like 
lipopeptide is administered for 7 to 28 days. In an even more 
preferred embodiment, the crystalline or crystal-like 
lipopeptide is administered for 7 to 14 days. The crystalline 
or crystal-like lipopeptide may be administered for a longer 
or shorter time period if it is so desired. In a preferred 
embodiment, the lipopeptide is daptomycin or daptomycin 
related lipopeptide. 
0134. In order that this invention may be more fully 
understood, the following examples are set forth. These 
examples are for the purpose of illustration only and are not 
to be construed as limiting the Scope of the invention in any 
way. 

EXAMPLE 1. 

0135 Daptomycin was prepared by conventional tech 
niques. The daptomycin preparation was a pale yellow 
amorphous powder, with a solubility at 25 C. of greater 
than 1 g/mL in water and a Solubility of 2.8 mg/mL in 
ethanol. The amorphous daptomycin preparation was hygro 
Scopic and decomposed at 215 C. 
0.136 The remaining examples describe crystallizing or 
precipitating lipopeptides in the presence or absence of an 
organic precipitant (e.g., PEG). 

EXAMPLE 2 

0.137 In a microbatch crystallization, 25 lull of a dapto 
mycin Stock (20 mg/mL in methanol) was sequentially 
mixed with 15uLof reagent stock (200 mM calcium acetate, 
0.1 M cacodylate (pH 6.5), 18% w/v) PEG 8000 and 15 uL 
ethylene glycol) to give a Solution that was 27.5% aqueous 
component, 45% methanol and 27.5% ethylene glycol. 
Urchin-like crystals were formed at a yield of 50% with a 
purity of 98% as measured by HPLC. 

EXAMPLE 3 

0138 A daptomycin stock was prepared by dissolving 
440 mg daptomycin in 1 mL of a buffer containing 25 mM 
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sodium acetate (pH 5.0) and 5 mM CaCl. Crystallization 
was done by the vapor diffusion (hanging drop) method, in 
which 5 till of the daptomycin stock was added to 5 till of 
0.1 M tri-sodium citrate dihydrate (pH 5.6), and 35% v/v) 
tert-butanol in water to form a drop. The drop was Suspended 
over a reservoir solution (0.1 M tri-sodium citrate dihydrate 
(pH5.6), and 35% v/v) tert-butanol in water) in an=air 
tight-environment until crystallization occurred. This 
method yielded urchin-like daptomycin crystals. See, e.g., 
FG, 2. 

EXAMPLE 4 

0.139) 5 till of a daptomycin stock prepared as in Example 
3 was added to 5 u of a solution containing 0.1 M Sodium 
cacodylate (pH 6.5), 0.2 M calcium acetate and 9% w/v) 
PEG 8000. Crystallization was done by the vapor diffusion 
method as described in Example 3. This method yielded 
needle-like daptomycin crystals. See, e.g., FIG. 3. 

EXAMPLE 5 

0140) 5 till of a daptomycin stock prepared as in Example 
3 was added to 5 till of a solution of 0.1 M Sodium 
cacodylate (pH 6.5), 0.2 M zinc acetate and 9% w/v PEG 
8000 containing 0.1 till benzamidine to give a final concen 
tration of 220 mg/mL daptomycin. Crystallization was done 
by the vapor diffusion method as described in Example 3. 
This method yielded rod-like daptomycin crystals. See, e.g., 
FIG. 4. 

EXAMPLE 6 

0141 One mL of daptomycin (97.1% pure as determined 
by HPLC) at a concentration of 20-25 mg/mL in water was 
sequentially mixed with 231 till water, 77 till of calcium 
acetate (pH 6.0), 960 uL propylene glycol and 231 uL of 
50% w/v PEG 4000. The solution was allowed to sit for 
4-5 hours at 4C. Urchin-like crystals were formed at a yield 
of 75%. The crystalline daptomycin was washed with iso 
propanol. The daptomycin was 98.4% pure as determined by 
HPLC. 

EXAMPLE 7 

0142 Daptomycin (200 mg, 97.1% pure) was dissolved 
in 2.54 mL water. The daptomycin Solution was Sequentially 
mixed in order with 10.0 mL methanol, 0.78 mL 1 M 
calcium acetate (pH 6.0), 9.50 mL propylene glycol and 2.20 
mL 50% w/v) PEG 4000 to give a final volume of 25.02 
mL. The mixture was tumbled at room temperature for 
10-14 hours in a hematology mixer (Fischer). Crystals began 
to appear within a few hours. Final yield was approximately 
70-80% after 14 hours. The crystals were harvested by 
centrifugation at 1000 rpm for 15 minutes. The Supernatant 
was removed and the crystals were resuspended in 12.5 mL 
isopropanol. The daptomycin Suspension was transferred to 
a column (Biorad) and the isopropanol was removed by 
allowing it to drip by gravity. The crystals were dried by a 
nitrogen Stream. Any lumps were broken up during the 
drying procedure to obtain a uniform dry Sample. Crystals 
prepared by this method were urchin-like and had a purity of 
98.37%. 

EXAMPLE 8 

0.143 Daptomycin was crystallized according to 
Example 7 except that PEG 8000 was used in replacement 
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of PEG 4000. The quantities of reagents used are identical 
to those in Example 7. Crystals prepared by this method 
were urchin-like and had a purity of 98.84%. 

EXAMPLE 9 

0144. Two daptomycin Samples prepared according to 
Example 7 and one amorphous Sample were analyzed for 
crystallinity using the USP <695> crystallinity test. Dapto 
mycin particles were mounted in mineral oil on a glass slide 
and then were examined by polarizing light microscope 
(PLM). The particles were determined to be crystalline if 
they were birefringent (have interference colors) and had 
extinction positions when the Stage was rotated. 
0145 The amorphous daptomycin sample consisted of 
lacy, flaky particles that were not birefringent. There were a 
few sliver-like areas in Some of the flakes that had weak 
birefringence, but the particles were primarily amorphous. 
In contrast, the daptomycin Samples prepared according to 
Example 7 consisted of polycrystalline particles with weak 
birefringence and Some extinction, indicating that they were 
primarily crystalline. See FIG. 5. 

EXAMPLE 10 

0146 Two daptomycin Samples prepared according to 
Example 7 and one amorphous Sample were analyzed for 
crystallinity by X-ray powder diffraction. The Samples were 
analyzed on a Siemens D500 Automated Powder Diffracto 
meter (ORS 1D No. LD-301-4), which was operated accord 
ing to ORS Standard Operation Procedure EQ-27 Rev. 9. 
The diffractometer was equipped with a graphite monochro 
mator and a Cu (0=1.54 A) X-ray source operated at 50 kV, 
40 mA. Two-theta(0) calibration is performed using an NBS 
mica standard (SRM675). The samples were analyzed using 
the following instrument parameters: 

Measuring Range for 20 (degrees) 4.0–40.0 
Step Width (degrees) O.OS 
Measuring Time per Step (secs) 1.2 
Beam Slits 1(1), 2(1), 3(1), 4(0.15), 5 (0.15). 

0147 Sample preparation was performed according to 
ORS Standard Operation Procedure MIC-7 Rev. 1 using a 
Zero background Sample plate. 

0148 All samples were done using a Cu (=1.54 A) X-ray 
Source. The amorphous daptomycin Sample did not show 
any peaks by X-ray powder diffraction. See FIG. 6. In 
contrast, the two daptomycin Samples both showed peaks by 
X-ray powder diffraction. The diffraction angle (20) of the 
first daptomycin sample (FIG. 7) was 19.225, 23.242, 
23.427 and 23.603 (degree). The diffraction angle (20) for 
the second daptomycin sample (FIG. 8) was 10.966, 19.205 
and 23.344 (degree). The first crystalline daptomycin Sample 
also showed a small peak between 10-11. See FIG. 7. 

EXAMPLE 11 

0149 Daptomycin was dissolved in water. Sodium 
acetate was added to achieve a final concentration of 187 
mM. Calcium chloride was added to achieve a final con 
centration of 28 mM. The daptomycin solution was mixed 
and isopropanol was added to a final concentration of 

Jan. 19, 2006 

78.4%. The solution was mixed and incubated. A precipi 
tated material was formed after incubation. The precipitated 
material appeared to be urchin-like crystals of approxi 
mately 60 um diameter by optical microscopy. The material 
was then dried. The dry material contained approximately 
30-40% salt. After drying, powder X-ray diffraction was 
performed. The powder X-ray diffraction did not show the 
presence of crystals in the dried daptomycin precipitate. 

EXAMPLE 12 

0150 One gram of daptomycin (approximately 91.5% 
purity as measured by HPLC) was added to 16.8 mL of 
distilled water and dissolved. 2.5 mL of 1M calcium acetate 
(pH 6.1) and 60 mL of isopropanol was added. The solution 
was placed in a 27 C. water bath and permitted to equili 
brate to temperature of the water bath. 5 mL aliquots of 
isopropanol were slowly added until the Solution became 
cloudy (a total of approximately 30 mL isopropanol). The 
solution was incubated overnight at 27 C. to form a 
precipitate. The precipitate appeared to contain urchin-like 
crystals of approximately 60m by optical microscopy. See 
FG, 2. 

0151. The daptomycin precipitate was poured into a 
pressure filter/drying funnel and filtered by gravity. The 
precipitate was washed twice with 25 mL each time of a 
washing solution (80% isopropanol and 20% solution A 
where solution A consists of 18 mL of water and 2 mL of 
glacial acetic acid) and allowed to drip by gravity overnight. 
The precipitate was then transferred to a desiccator and dried 
under Vacuum. After drying, powder X-ray diffraction was 
performed. The powder X-ray diffraction did not show the 
presence of crystals in the dried daptomycin precipitate. 
However, purity analysis of the precipitated material by 
HPLC showed that the material was 98.2% pure daptomy 
cin. Significantly, the daptomycin preparation after precipi 
tation has significantly leSS anhydro-daptomycin than the 
daptomycin preparation before precipitation. 
0152 Without wishing to be bound by any theory, appli 
cants believe that the conditions used to precipitate the 
daptomycin in Examples 11 and 12 actually produce a 
crystalline form of daptomycin but that the Subsequent 
Washing StepS and/or drying Steps cause the crystalline 
daptomycin to revert to a non-crystalline form. Nonetheless, 
the non-crystalline daptomycin is still crystal-like as shown 
in FIG. 3 by the birefringence of a crystal sample in 
polarized light. 

EXAMPLE 13 

0153. A fermentation culture of S. roseosporus NRRL 
Strain 15998 is conducted in a controlled decanoic acid feed 
fermentation at levels that optimize the production of the 
antibiotic while minimizing the production of contaminants. 
The residual decanoic acid feed is measured by gas chro 
matography and the target residual level is 10 ppm decanoic 
acid from the start of induction (approximately at hour 30) 
until harvest. Centrifugation of the culture and Subsequent 
analysis of the clarified broth are used to measure the 
production of daptomycin by HPLC. The harvest titer is 
typically between 1.0 and 3.0 grams per liter of fermentation 
broth. 

0154) The fermentation culture is harvested either by 
microfiltration using a Pall-Sep or equivalent microfiltration 
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System, or by full commercial-Scale centrifugation and depth 
filter. The clarified broth is applied to an anion exchange 
resin, Mitsubishi FP-DA13, washed with of 30 mM NaCl at 
pH 6.5 and eluted with of 300 mM NaCl at pH 6.0–6.5. 
Alternatively, the FP-DA 13 column is washed with of 30 
mM NaCl at pH 6.5 and eluted with of 300 mM NaCl at pH 
6.0-6.5. The pH is adjusted to 3.0-4.8 and the temperature is 
adjusted to 2-15 C. Under these conditions, daptomycin 
forms a micelle. The micellar daptomycin Solution is fil 
tered-washed using a 10,000 NMW ultrafilter (AG Technol 
ogy Corp. UF hollow fiber or equivalent) in any configura 
tion. The daptomycin micelles are retained by the filter, but 
a large number of impurities are eliminated because they 
pass through the 10,000 NMW filter. Ultrafiltration of dap 
tomycin micelles increases daptomycin purity to approxi 
mately 80-90%. 
O155 The daptomycin preparation is then crystallized or 
precipitated under Sterile conditions using one of the meth 
ods described above. In a preferred embodiment, the dap 
tomycin is crystallized or precipitated according to the 
protocol described in Examples 7, 8 or 12 except that it can 
be Scaled up for large preparation of daptomycin. The 
crystalline or crystal-like daptomycin is Separated from the 
crystallization/precipitation Solution by filtration, preferably 
by vacuum filtration. The crystalline or crystal-like dapto 
mycin is washed with washing Solution (see Example 3). 
The crystalline or crystal-like daptomycin is then Vacuum 
dried under sterile conditions using a 0.65 m Klein Has 
telloy-B double cone vacuum dryer or equivalent apparatus. 
Vials are then filled with either 250 or 500 mg of dried 
crystalline daptomycin per vial. FIG. 9 shows a flowchart of 
this manufacturing method. 

EXAMPLE 1.4 

0156 Fermentation of S. roseosporus, microfiltration of 
the fermentation culture and anion eXchange chromatogra 
phy is performed as described in Example 13. The dapto 
mycin preparation is approximately 35-40% pure at this 
point. After anion eXchange chromatography, the daptomy 
cin is crystallized or precipitated according to the protocol 
described in Example 13. The daptomycin is then washed 
and dried according to the protocol Set forth in Example 13. 
The dried crystalline or crystal-like daptomycin is then used 
to fill sterile vials as described in Example 13. FIG. 6 shows 
a flowchart of this manufacturing method. 

EXAMPLE 1.5 

O157 Fermentation of S. roseosporus and microfiltration 
of the fermentation culture is performed as described in 
Example 13. After microfiltration, the fermentation culture 
is Subjected to Size exclusion ultrafiltration as described in 
Example 13. The daptomycin preparation is approximately 
35-40% pure at this point. After ultrafiltration, the dapto 
mycin is crystallized or precipitated according to the proto 
col described in Example 13. The daptomycin is then 
washed and dried according to the protocol Set forth in 
Example 13. The dried crystalline or crystal-like daptomy 
cin is then used to fill sterile vials as described in Example 
13. FIG. 7 shows a flowchart of this manufacturing method. 

EXAMPLE 16 

0158 Fermentation of S. roseosporus and microfiltration 
of the fermentation culture is performed as described in 
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Example 13. The daptomycin preparation is 5-10% pure at 
this point. After microfiltration, the fermentation culture is 
crystallized or precipitated according to the protocol 
described in Example 13. The daptomycin is then washed 
and dried and used to fill sterile vials as described in 
Example 13. FIG. 8 shows a flowchart of this manufacturing 
method. 

EXAMPLE 1.7 

0159) CB-131547 (see Figure x), a cyclic lipopeptide 
analog of daptomycin, was prepared via a Semi-Synthesis 
route from daptomycin. The CB-131547 was a pale yellow 
amorphous powder, with a solubility at 25 C. of ~80 mg/mL 
in normal Saline. 

0160 CB-131547 (60 mg, ~90% pure) is dissolved in 2.5 
mL water. The CB-131547 solution is sequentially mixed in 
order with 5.0 mL methanol, 0.2 mL 1 M calcium acetate 
(pH 6.0), 2.5 mL propylene glycol, and 1.0 mL 50% (w/v) 
PEG 4000 to give a final volume of 11.2 mL. The solution 
is allowed to sit for 4 to 24 hours at 4 C. CB-131547 
crystals are formed at a yield of ~70% with a purity -98.0% 
as determined by HPLC. 

EXAMPLE 1.8 

0161 CB-131547 (see Figure x), a cyclic lipopeptide 
analog of daptomycin, was prepared via a Semi-Synthesis 
route from daptomycin. The CB-131547 was a pale yellow 
amorphous powder, with a Solubility at 25 C. of ~80 mg/mL 
in normal Saline. 

0162 CB-131547 (60 mg, ~90% pure) is dissolved in 2.5 
mL water. 0.2 mL 1 M calcium acetate (pH 6.0) and 8 mL 
of isopropanol is added. The Solution is allowed to equili 
brate at room temperature (25 C.) for 5 minutes. One mL 
aliquots of isopropanol are slowly added until the Solution 
becomes cloudy. The Solution is Stored at room temperature 
overnight to form crystals. 
0163 All publications and patent applications cited in 
this specification are herein incorporated by reference as if 
each individual publication or patent application were spe 
cifically and individually indicated to be incorporated by 
reference. Although the foregoing invention has been 
described in Some detail by way of illustration and example 
for purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in light of the 
teachings of this invention that certain changes and modi 
fications may be made thereto without departing from the 
Spirit or Scope of the appended claims. 

1-56. (canceled) 
57. A crystalline or crystal-like lipopeptide or a salt 

thereof wherein the lipopeptide is Selected from the group 
consisting of a daptomycin, an A54145, an A-21978C ana 
log, and a daptomycin-related lipopeptide. 

58. The crystalline or crystal-like lipopeptide or salt 
thereof, according to claim 57, wherein the Salt is a divalent 
calcium Salt. 

59. The crystalline or crystal-like lipopeptide antibiotic or 
Salt thereof, according to claim 57, wherein the lipopeptide 
antibiotic is daptomycin. 

60. The crystalline or crystal-like lipopeptide or salt 
thereof, according to claim 59, wherein the Salt is a divalent 
calcium Salt. 
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61. The crystalline daptomycin according to claim 59, 
wherein an X-ray diffraction pattern of the crystalline dap 
tomycin, using a Cu (w=1.54 A) X-ray Source, has a diffrac 
tion angle (20)=10.9, 19.2 and 23.3 (degree) or a diffraction 
angle (20)=19.2, 23.2, 23.4 and 23.6 (degree). 

62. The crystal-like lipopeptide according to claim 57, 
wherein crystal-like means the compound has crystalline 
characteristics by birefringence, but does not have crystal 
line characteristics by X-ray powder diffraction. 

63. The crystalline or crystal-like daptomycin according 
to claim 59, wherein the crystalline or crystal-like dapto 
mycin comprises urchin-like or a cluster of needles, needle 
like, flake-like, plate-like, or rod-like crystals. 

64. The crystalline or crystal-like lipopeptide according to 
claim 59, wherein the crystalline daptomycin has a purity of 
at least 95%. 

65. The crystalline or crystal-like lipopeptide according to 
claim 59, wherein the crystalline daptomycin or salt thereof 
has a purity of at least 97%. 

66. The crystalline or crystal-like daptomycin according 
to claim 59, wherein the crystalline daptomycin or Salt 
thereof contains no Single impurity greater than 1%. 

67. The crystalline or crystal-like daptomycin according 
to claim 64, wherein the purity is measured by HPLC. 

68. The crystalline or crystal-like lipopeptide according to 
claim 57, wherein a crystal of the lipopeptide is at least 5 um. 

69. The crystalline or crystal-like lipopeptide according to 
claim 68, wherein the crystal is at least 50 lum. 

70. The crystalline or crystal-like lipopeptide according to 
claim 68, wherein the lipopeptide is daptomycin. 

71. The crystalline or crystal-like lipopeptide according to 
claim 57, wherein the crystalline lipopeptide exhibits a 
higher Stability than an amorphous form of the lipopeptide. 

72. The crystalline or crystal-like lipopeptide according to 
claim 71, wherein the crystalline lipopeptide exhibits higher 
Stability to heat, light, degradation or humidity than the 
amorphous form. 

73. The crystalline or crystal-like lipopeptide according to 
claim 72, wherein the stability is measured by antibiotic 
activity or degradation of the lipopeptide antibiotic. 

74. The crystalline or crystal-like lipopeptide according to 
claim 71, wherein the lipopeptide is daptomycin. 

75. The crystalline or crystal-like daptomycin according 
to claim 74, wherein the crystalline lipopeptide exhibits 
lower conversion to anhydro-daptomycin or the P-isomer of 
daptomycin than the amorphous form of daptomycin. 

76. The crystalline or crystal-like lipopeptide according to 
claim 57, which is a daptomycin-related lipopeptide. 

77. A pharmaceutical composition comprising a crystal 
line or crystal-like lipopeptide antibiotic and a pharmaceu 
tically acceptable carrier, wherein the lipopeptide antibiotic 
is Selected from the group consisting of a daptomycin, an 
A54145, an A-21978C analog, and a daptomycin-related 
lipopeptide. 

78. The pharmaceutical composition according to claim 
77, wherein the crystalline or crystal-like lipopeptide is 
daptomycin. 

79. The pharmaceutical composition according to claim 
78, wherein the crystalline or crystal-like daptomycin is 
enterically coated for oral administration. 

80. The pharmaceutical composition according to claim 
78, wherein the crystalline or crystal-like daptomycin is 
formulated in a dose of 3 to 75 mg/kg. 
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81. The pharmaceutical composition according to claim 
78, wherein the carrier enhances the oral availability of 
daptomycin. 

82. The pharmaceutical composition according to claim 
77, which is in the form of micronized particles or micro 
Spheres. 

83. A container comprising the pharmaceutical composi 
tion according to claim 77. 

84. The pharmaceutical composition according to claim 
82, which is used as an aeroSol. 

85. A formulation comprising a crystalline or crystal-like 
lipopeptide antibiotic and a pharmaceutically acceptable 
carrier, wherein the lipopeptide antibiotic is Selected from 
the group consisting of daptomycin, A54145, an A-21978C 
analog, and a daptomycin-related lipopeptide. 

86. A container comprising the formulation of claim 85 
and a pharmaceutically acceptable buffer. 

87. The formulation according to claim 85, which is a 
pharmaceutical formulation, a food formulation, a feed 
formulation, a veterinary formulation, a cosmetic formula 
tion or a personal care formulation. 

88. The formulation according to claim 85, that is a 
pharmaceutical formulation, wherein the formulation further 
comprises another antibiotic, a Stabilizing agent, an agent to 
aid in absorption, a pH buffering agent or an inorganic Salt. 

89. The formulation according to claim 85 that is a feed 
formulation, wherein the formulation further comprises ani 
mal feed and may optionally comprise another antibiotic or 
Vitamins. 

90. A method for administering a crystalline or crystal 
like lipopeptide, a pharmaceutically acceptable Salt thereof 
or a pharmaceutical composition thereof, wherein the 
lipopeptide is Selected from the group consisting of a 
daptomycin, an A54145 and a daptomycin-related lipopep 
tide, comprising the Step of administering to a patient in 
need thereof a therapeutically effective amount of the crys 
talline or crystal-like lipopeptide, the pharmaceutically 
acceptable Salt thereof or the pharmaceutical composition 
thereof. 

91. The method according to claim 90, wherein the 
lipopeptide has a purity of greater than 95%. 

92. The method according to claim 91, wherein the 
lipopeptide is daptomycin. 

93. The method according to claim 92, wherein the 
daptomycin is a crystalline daptomycin and an X-ray dif 
fraction pattern of the crystalline daptomycin has a diffrac 
tion angle (20) 10.9, 19.2 and 23.3 (degree) using a Cu 
(=1.54A) x-ray source. 

94. The method according to claim 92, wherein the 
daptomycin is a crystal-like daptomycin and the crystal-like 
daptomycin has crystalline characteristics by birefringence 
but does not have crystalline characteristics by X-ray powder 
diffraction. 

95. The method according to claim 90, wherein the 
crystalline or crystal-like lipopeptide is administered as a 
micronized particle. 

96. The method according to claim 90, wherein the 
crystalline or crystal-like lipopeptide is administered as a 
targeted release form. 

97. The method according to claim 95, wherein the 
lipopeptide is daptomycin. 

98. The method according to claim 90, wherein the 
administration is done Subcutaneously, intravenously or 
intramuscularly. 
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99. A method for storing a lipopeptide, wherein the 
lipopeptide is Selected from the group consisting of a 
daptomycin, an A54145, an A-21978C analog, and a dap 
tomycin-related lipopeptide, comprising the Steps of 

a) providing a dissolved Solution of a lipopeptide; 
b) crystallizing or precipitating the lipopeptide; 
c) collecting and drying the lipopeptide; and 
d) Storing the lipopeptide; 
wherein the crystalline or crystal-like lipopeptide is more 

Stable than an amorphous form of the lipopeptide. 
100. A method for manufacturing a crystalline or crystal 

like lipopeptide, wherein the lipopeptide is Selected from the 
group consisting of a daptomycin, an A54145, an A-21978C 
analog, and a daptomycin-related lipopeptide, comprising 
the Steps of 

a) providing an amorphous form of a lipopeptide; 
b) crystallizing or precipitating the lipopeptide; and 
c) collecting the crystalline or crystal-like lipopeptide. 
101. The method according to claim 99, wherein said 

collecting is performed by filtration. 
102. The method according to claim 101, further com 

prising the step of Washing the lipopeptide after Step b). 
103. The method according to claim 100, further com 

prising the step of drying the lipopeptide after step c). 
104. The method according to claim 103, further com 

prising the Step of Sterilizing the lipopeptide after drying. 
105. The method according to claim 100, wherein step c) 

is performed under Sterile conditions. 
106. The method according to claim 105, wherein step b) 

is performed under Sterile conditions. 
107. The method according to claim 106, further com 

prising the Step of drying the lipopeptide after Step c) under 
Sterile conditions. 

108. The method according to claim 99, wherein the 
purity of the crystalline or crystal-like lipopeptide is higher 
than the amorphous form of the lipopeptide. 

109. The method according to claim 108, wherein the 
purity of the amorphous form is approximately 90% and the 
purity of the crystalline or crystal-like form is greater than 
95%. 

110. The method according to claim 108, wherein the 
purity of the amorphous form is approximately 93%, and the 
purity of the crystalline or crystal-like form is greater than 
95%. 

111. The method according to claim 108, wherein the 
purity of the amorphous form is approximately 93%, and the 
purity of the crystalline or crystal-like form is approximately 
98%. 

112. A method for preparing daptomycin, comprising the 
Steps of providing an amorphous form of daptomycin and 
crystallizing the daptomycin from a crystallization Solution 
comprising a cation from a Salt, a buffer, an organic pre 
cipitant, and a low molecular weight alcohol. 

113. The method according to claim 112, wherein the 
buffer is selected from the group consisting of HEPES, Tris 
HCl, imidazole, MES, CHES, a citrate salt and a cacodylate 
Salt. 

114. The method according to claim 112, wherein the 
alcohol is Selected from the group consisting of ethylene 
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glycol, propylene glycol, t-butanol, glycerol, isopropanol, 
1,4-butanediol, 1,2-propanediol and methanol. 

115. The method according to claim 112, wherein the 
organic precipitant is polyethylene glycol or polyethylene 
glycol monomethyl ether. 

116. The method according to claim 112, wherein the 
crystallizing Solution further comprises a divalent cation. 

117. The method according to claim 116, wherein the 
divalent cation is calcium, Zinc or magnesium. 

118. The method according to claim 112, wherein the pH 
of the crystallization solution is in the range of 5 to 8.5. 

119. The method according to claim 118, wherein the pH 
of the crystallization solution is in the range of 5.5 to 7.5. 

120. The method according to claim 119, wherein the pH 
of the crystallization solution is in the range of 5.9 to 6.6. 

121. The method according to claim 112, wherein the 
crystallization is done by the hanging drop method or by 
batch crystallization. 

122. The method according to claim 112, wherein a 
crystal of the daptomycin is an urchin-like or a cluster of 
needles form. 

123. The method according to claim 112, wherein a 
crystal of the daptomycin is a rod-like form. 

124. The method according to claim 112, further com 
prising the Step of collecting the daptomycin crystals. 

125. The method according to claim 124, wherein said 
collecting is done by centrifugation, precipitation or filtra 
tion. 

126. The method according to claim 112, further com 
prising Washing the crystalline daptomycin. 

127. The method according to claim 112, wherein the 
daptomycin is at a starting purity of at least 90%. 

128. The method according to claim 112, wherein the 
daptomycin is at a starting purity of at least 93%. 

129. The method according to claim 112, wherein said 
crystallizing is performed at a temperature below 20 C. 

130. The method according to claim 129, wherein said 
crystallizing is performed at about 4 C. 

131. The method according to claim 112, wherein said 
crystallizing is performed at above 20 C. 

132. The method according to claim 112, wherein said 
crystallizing is performed with Stirring. 

133. A method for preparing a crystalline or crystal-like 
daptomycin, comprising the Steps of 

a) providing a Solution comprising daptomycin, a salt 
comprising a monovalent or divalent cation, a pH 
buffering agent and a low molecular weight or poly 
hydric alcohol; and 

b) allowing the daptomycin to crystallize or precipitate 
from the Solution to obtain a crystalline or crystal-like 
daptomycin preparation, respectively. 

134. The method according to claim 133, wherein the 
buffering agent is Selected from the group consisting of 
HEPES, Tris HCl, imidazole, MES, CHES, Sodium acetate, 
calcium acetate, a citrate Salt and a cacodylate Salt. 

135. The method according to claim 133, wherein the 
alcohol is Selected from the group consisting of ethylene 
glycol, propylene glycol, t-butanol, glycerol, isopropanol, 
1,4-butanediol, 1,2-propanediol and methanol. 

136. The method according to claim 135, wherein the 
alcohol is isopropanol. 

137. The method according to claim 133, wherein the salt 
comprises a divalent cation. 
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138. The method according to claim 137, wherein the 
divalent cation is a magnesium cation, a Zinc cation or a 
calcium cation. 

139. The method according to claim 138, wherein the 
divalent cation is a calcium cation. 

140. A method for preparing a crystalline or crystal-like 
daptomycin, comprising the Steps of 

a) providing a Solution comprising daptomycin, a pH 
buffering agent that is a Salt comprising a monovalent 
or divalent cation, and a low molecular weight or 
polyhydric alcohol, and 

b) allowing the daptomycin to crystallize or precipitate 
from the Solution to obtain a crystalline or crystal-like 
daptomycin preparation, respectively. 

141. The method according to claim 140, wherein the 
buffering agent comprises a divalent cation Selected from a 
calcium cation or a magnesium cation. 

142. The method according to claim 133 or 140, wherein 
the pH of the solution is in the range of 5.0 to 9.5. 

143. The method according to claim 142, wherein the pH 
of the solution is in the range of 5.5 to 7.5. 

144. The method according to claim 143, wherein the pH 
of the solution is in the range of 5.9 to 6.3. 

145. The method according to claim 133 or 140, wherein 
Said crystallizing or precipitating Step is done at a tempera 
ture of 0-30 C. 

146. The method according to claim 145, wherein the 
temperature is 23-28 C. 

147. The method according to claim 140, wherein the 
Solution comprises calcium acetate pH 6.1 and isopropanol. 

148. The method according to claim 147, wherein said 
crystallizing or precipitating Step comprises adding isopro 
panol until the mixture becomes cloudy. 

149. The method according to claim 148, wherein said 
crystallizing or precipitating Step is done for a period of time 
of from one hour to three weeks. 

150. The method according to claim 140, wherein said 
crystallizing or precipitating is done by batch crystallization 
or batch precipitation, respectively. 

151. The method according to claim 133 or 140, further 
comprising the Step of collecting the crystalline or crystal 
like daptomycin. 

152. The method according to claim 151, wherein said 
collecting Step is performed by filtration or centrifugation. 

153. The method according to claim 152, wherein said 
collecting is performed by filtration. 

154. The method according to claim 151, further com 
prising the Step of Washing the crystalline or crystal-like 
daptomycin. 

155. The method according to claim 133 or 140, wherein 
the crystalline or crystal-like daptomycin has an urchin-like 
form. 

156. The method according to claim 133 or 140, wherein 
the daptomycin has a purity before crystallizing or precipi 
tating of no greater than 90% and has a purity after crys 
tallization or precipitation of at least 95%. 

157. The method according to claim 156, wherein the 
daptomycin has a purity before crystallizing or precipitating 
of no greater than 80% and has a purity after crystallization 
or precipitation of at least 95%. 

158. The method according to claim 156, wherein the 
daptomycin has a purity before crystallizing or precipitating 
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of no greater than 60% and has a purity after crystallization 
or precipitation of at least 95%. 

159. The method according to claim 156, wherein the 
daptomycin has a purity before crystallizing or precipitating 
of no greater than 40% and has a purity after crystallization 
or precipitation of at least 95%. 

160. The method according to claim 156, wherein the 
daptomycin is at a Starting purity of no greater than 10% and 
has a purity after crystallization or precipitation of at least 
95%. 

161. The method according to claim 156, wherein the 
daptomycin has a purity after crystallization or precipitation 
of at least 96%. 

162. The method according to claim 156, wherein the 
daptomycin has a purity after crystallization or precipitation 
of at least 97%. 

163. The method according to claim 156, wherein the 
daptomycin has a purity after crystallization or precipitation 
of at least 98%. 

164. A method for preparing a purified daptomycin, 
comprising the Steps of 

a) providing a Solution comprising daptomycin, a pH 
buffering agent that is a Salt comprising a monovalent 
or divalent cation, and a low molecular weight or 
polyhydric alcohol, and 

b) allowing the daptomycin to crystallize or precipitate 
from the Solution to obtain a purified daptomycin 
preparation. 

165. The method according to claim 164, wherein the 
purified daptomycin preparation is at least 95% pure. 

166. The method according to claim 165, wherein said 
purified daptomycin preparation is at least 96% pure. 

167. The method according to claim 166, wherein said 
purified daptomycin preparation is at least 97% pure. 

168. The method according to claim 167, wherein said 
purified daptomycin preparation is at least 98% pure. 

169. A method of preparing a crystalline form of a 
lipopeptide which comprises combining the lipopeptide with 
a crystallization Solution comprising at least one cation and 
at least one alcohol chosen from the group consisting of 
polyhydric alcohols and low molecular weight alcohols and 
combinations thereof, wherein the lipopeptide is chosen 
from the group consisting of daptomycin and daptomycin 
analogs. 

170. The method of claim 169, wherein the polyhydric 
alcohol is chosen from the group consisting of ethylene 
glycol, propylene glycol, glycerol, 1,2-propane diol, 2-me 
thyl-2,4-pentanediol, 1,6-hexanediol, and 1,4-butanediol. 

171. The method of claim 169, wherein the low molecular 
weight alcohol is chosen from the group consisting of 
methanol, isopropanol, tert-butanol, and n-propanol. 

172. The method of claim 169, wherein the cation is a 
divalent cation. 

173. The method of claim 172, wherein the divalent cation 
is chosen from the group consisting of manganese, magne 
sium, and calcium. 

174. The method of claim 173, wherein the divalent cation 
is calcium. 

175. The method of claim 169, wherein the crystallization 
Solution consists of at least one Salt and at least one low 
molecular weight alcohol. 

176. The method of claim 169, wherein the crystallization 
Solution further comprises one or more additional compo 
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nents chosen from the group consisting of organic precipi 
tants, pH buffers, low molecular weight alcohols and deter 
gents. 

177. The method of claim 176, wherein the crystallization 
Solution comprises as an organic precipitant polyethylene 
glycol. 

178. A method for treating a disease caused by a gram 
positive pathogen in a Subject which comprises administer 
ing to the Subject the pharmaceutical composition of claim 
77 which comprises the crystalline lipopeptide in a thera 
peutically effective amount. 

179. The method of claim 178, wherein the disease is 
chosen from the group consisting of complicated skin and 
Soft tissue infections, community-acquired pneumonia, 
complicated urinary tract infections, enteroccocal infections, 
endocarditis and bacteremia. 

180. A method for administering to a subject in need 
thereof a crystalline lipopeptide or Salt thereof, wherein the 
crystalline or crystal-like lipopeptide is chosen from the 
group consisting of crystalline daptomycin and crystalline 
A-21978C analogs, which comprises administering to the 
Subject a pharmaceutical composition comprising the crys 
talline or crystal-like lipopeptide or Salt thereof and a 
pharmaceutically acceptable carrier. 
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181. The method of claim 180, wherein the crystalline or 
crystal-like lipopeptide or Salt thereof is administered to the 
Subject by pulmonary administration as a micronized par 
ticle. 

182. The method of claim 180, wherein the crystalline or 
crystal-like lipopeptide or Salt thereof is administered to the 
Subject as a Sustained release form. 

183. The method of claim 180, wherein the crystalline or 
crystal-like lipopeptide is administered orally. 

184. The method of claim 180, wherein the crystalline or 
crystal-like lipopeptide is administered Subcutaneously. 

185. The method of claim 180, wherein the crystalline or 
crystal-like lipopeptide is administered intravenously or 
intramuscularly. 

186. A method of storing a lipopeptide selected from the 
group consisting of daptomyin and A-21978C analogs 
which comprises preparing the lipopeptide in crystalline 
form and Storing the crystalline or crystal-like lipopeptide. 

187. In a method for preparing a lipopeptide selected from 
the group consisting of daptomycin and A-21978C analogs, 
the improvement which comprises preparing the lipopeptide 
in crystalline form. 


