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PURIFICATION OF 
ECHINOCANDIN CYCLOPEPTIDE COMPOUNDS 

TECHNICAL FIELD 

The present invention relates to a process for purification of cyclopeptide 

compounds containing at least one protonatable amino group, in particular, the 

process relates to the purification of an Echinocandin-type compound by adsorption 

onto a hydrophobic, reversed ph~e chromatographic media and eluting with a 

continuous nearly linear gradient of increasing acetic acid. A purification process is 

1 O also provided for selectively removing a tripeptide-aldehyde by-product of the 

Echinocandin fermentation process to yield a higher purity Echinocandin compound. 

BACKGROUND ART 

Echinocandin cyclopeptides are natural products that have been shown to 

15 have antifungal activities. Included in the Echinocandin cyclopeptide family are 

natural products such as Echinocandin B (ECB), Echinocandin C, Aculeacin Ay, 

Mulundocandin, Sporiofungin A, Pneumocandin Ao, WFl l 899A, and Pneumocandin 

B0• The natural products are typically produced by culturing various microorganisms. 

For example, Echinocandin Bis produced from the fermentation of the fungus, 

20 Aspergillus nidu/ans. 

In the search for more active materials, the natural products have been 

modified in a variety of ways. One of the most common modifications has been the 

replacement of the N-acyl side chain on the natural product to produce a semi­

synthetic derivative. For example, U.S. Patent Nos. 4,293,489; 4,320,052; 5,166,135; 

25 and 5,541,160; and EP 359529; 448353; 447186; 462531; and 561639 describe a 

variety ofN-acyl derivatized Echinocandin compounds that provide varying degrees 

of antifungal activity. 

The N-acyl derivatives are produced by deacylating the natural product 

followed by reacylation with a different acyl group. The deacylation i~ typically 
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achieved by means of an enzyme (e.g., deacylase enzyme). The deacylase enzyme 

may be obtained from the microorganism Actinoplanes utahensis or Pseudomonas 

species. See i.e., U.S Patent Nos. 4,293,482; and 4,304,716; and EP 460,882. The 

deacylated compound is typically referred to as the nucleus of the corresponding 

5 natural product (i.e., the deacylated product ofEchinocandin Bis referred to as the 

Echinocandin B nucleus (ECBN)). Unfortunately, both the fermentation and 

deacylation processes produce several by-products that are difficult to remove and 

decrease the purity of the desired deacylated cyclic peptide nucleus. 

U.S. Patent No. 4,874,843 describes a chromatographic process using non-

10 functional resins in a reversed mode to purify Echinocandin-type products. Even 

though the process improved the purity of products derived from a fermentation 

process, further improvements are still needed to remove contaminants that are 

difficult to separate from both the intermediate deacylated nucleus and the final 

acylated pharmaceutically active compounds. Since the potency of the final 

15 pharmaceutical product is dependent upon the purity of the intermediates used to 

make the final product, improvements in purity.at any stage of the manufacturing 

process are highly desirable. Ideally, the contaminant~ are removed at the earliest 

stage possible in the manufacturing process. 

General discussions of non-functional resins and their applications in liquid 

20 chromatographic separations may be found in.I. Chromatography, 201, 287-292 

(1980) and Grieser, M.D. et al, Ana(vtical Chemistry, 45, 1348-1353 (1973). The use 

of either step or continuous gradients are discussed; however, the eluents contain 

significant amounts of organic solvents. In a manufacturing process, the use of 

organic solvents raises several concerns such as environmental regulations (e.g., air 

25 quality emission standards), special handling requirements (e.g., flammability 

standards) and disposal limitations (e.g .• toxic waste regulations). Therefore, there is 

a need for an eluent system that minimizes the use of organic solvents yet effectively 

separates mixtures into their pure components. 
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DISCLOSURE OF THE INVENTION 

The present invention provides a method for separating and purifying a wide 

variety of fennentation cyclopeptide products containing at least one protonatable 

5 amino group (including the deacylated Echinocandin-type compounds) from their 

fermentation or mixed broths and partially purified process streams by adsorbing the . 

mixture onto a hydrophobic, reversed phase, chromatographic media and eluting with 

a continuous nearly linear acetic acid gradient ranging from 0.1% acetic acid to 10.0% 

acetic acid by volume in water, preferably from 0.5% (pH=5.5) to 4.0% (pH=2.5) 

10 acetic acid. 

In another embodiment of the present invention, a process for purifying 

Echinocandin-type compounds (including simple derivatives thereof) is provided 

where an aldehyde by-product (in particular, a tripeptide-aldehyde by-product) in the 

fermentation mixture or partially purified mixture is reacted with a derivatizing agent. 

15 Preferably, the fermentation broth or mixed broth is reacted with the derivatizing 

agent prior to purification of the corresponding Echinocandin nucleus using the 

method described above. 

As used herein, the term "derivatizing agent" refers to a reagent capable of 

reacting with the aldehyde functionality of the tripeptide by-product to produce an 

20 intermediate that is sufficiently different in hydrophobicity to allow separation of the 

tripeptide intermediate from the desired Echinocandin-type compound. 

The tenn "protonatable amino group" refers to an amino group that undergoes 

protonation when subjected to the eluting conditions of the present invention (i.e., 

0.1 % acetic acid to 10% acetic acid by volume in water). 

25 The term "Echinocandin-type compounds" refers to compounds having the 

following general structure including any simple derivatives thereof: 
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wherein Risa hydrogen or -C(O)R' where R' is an alkyl group, an alkenyl group, an 

alkynyl group, an aryl group, or heteroaryl group having attached thereon at least one 

5 protonatable amino group; RI is -H or -OH; R2 is -H or -CH3; R3 is -H, -CH3, · 

and R6 is -H or -OS03H. "Echinocandin nucleus" refers to the deacylated 

Echinocandin compound where R is a hydrogen. "ECBN" refers to the Echinocandin 

B nucleus where RI, R4 and R5 are hydroxyl groqps, R2, R3, and R7 are methyl 

10 groups; and RI and R6 are hydrogens. 

The term "alkyl" refers to a hydrocarbon radical of the general formula 

CnHin+t containing from 1to30 carbon atoms unless otherwise indicated. The alkane 

radical may be straight (e.g. methyl, ethyl, propyl, butyl, etc.), branched (e.g., 

isopropyl, isobutyl, tertiary butyl, neopentyl, etc.), cyclic (e.g., cyclopropyl, 

IS cyclobutyl, cyclopentyl, methylcyclopentyl, cyclohexyl, etc.), or multi-cyclic (e.g., 

bicyclo(2.2. l ]heptane. spiro[2.2]pentane, etc.). The alkane radical may be substituted 

or unsubstituted. Similarly, the alkyl portion of an alkoxy group or alkanoate has the 

· same definition as above. 
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The term '•likenyl'' refers to an acyclic hydr6carbon containing at least one 

carbon-carbon double bond. The alkene radical may be straight, branched, cyclic, or 

multi-cyclic. The alkene radical may be substituted or unsubstituted. 

The tenn "alkynyl" refers to an acyclic hydrocarbon containing at least one 

S carbon-carbon triple bond. The alkyne radical may be straight, or branched. The 

alkyne radical may be substituted or unsubstituted. 

10 

The term "aryl" refers to aromatic moieties having single (e.g., phenyl) or 

fused ring systems (e.g., naphthalene, anthracene, phenanthrene, etc.). The aryl 

groups may be substituted or unsubstituted. 

The term "heteroaryl" refers to aromatic moieties containing at least one 

heteratom within the aromatic ring system (e.g., pyrrole, pyridine, indole, thiophene, 

furan, benzofuran, imidazole, pyrimidine, purine, benzimidazole, quinoline, etc.). 

The aromatic moiety may consist of a single or fused ring system. The heteroaryl 

groups may be substituted or unsubstituted. 

15 Within the field of organic chemistry and particularly within the field of 

organic biochemistry, it is widely understood that significant substitution of 

compounds is tolerated or even useful. In the present invention, for example, the term 

alkyl group allows for substitutents which is a classic alkyl, such as methyl, ethyl, 

propyl, hexyl, isooctyl, dodecyl, stearyl, etc. The tenn "group" specifically envisions 

20 and allows for substitutions on alkyls which are common in the art, such as hydroxy, 

halogen, alkoxy, carbonyl, keto, ester. carbamato, etc., as well as including the 

unsubstituted alkyl moiety. However, it is generally understood by those skilled in 

the art that the substituents should be selected so as to not adversely affect the 

pharmacological characteristics of the compound or adversely interfere with the use 

25 of the medicament. Suitable substituents for any of the groups defined above include 
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alkyl, alkenyl. alkynyl, aryl, ~alo. hydroxy, alkoxy, aryloxy, mercapto, alkylthio, 

arylthio, mono- and di-alkyl amino, quaternary ammonium salts, aminoalkoxy, 

hydroxyalkylamino, aminoalkylthio, carbamyl, c~bOJ;1yl, carboxy, glycolyl, glycyl, 

hydrazino, guanyl, and combinations thereof. 

BESTMODE FOR CARRYING OUT THE INVENTION 

Fermentation and mixed broths contain a number of by-products that are very 

difficult to separate from the desired cyclopeptide product. "Mixed broth" refers to a 

conversion mixture where the fermentation broth is treated directly with a deacylating 

enzyme without purification to produce the deacylated product (e.g. ECBN). 

I 0 Reversed-phase, liquid chromatography has been used in the past with reasonable 

success; however, the need for higher purity compounds demands more improved 

methods of purification. Applicants have discovered that the separation of 

fermentation by-pr()ducts from the desired fermentation product containing a 

protonatable amino group can be improved by using a reversed-phase 

15 chromatographic media·in combination with a continuous, nearly linear acetic acid 

elution scheme .. 

Suitable hydrophobic chromatographic media include reversed phase silicas~ 

and organic polymers such as copolymers of styrene and divinylbenzene, 

methacrylate polymer. A variety of reversed-phase silicas are commercially available 

20 from vendors such as BTR, E. Merck, Eka Nobel, Millipore, Phenomenex, Whatman, 

or YMC. The silicas are derivatized with straight chain alkYl hydrocarbons ranging in 

length from C1 to C1s (Ci. C4, Cs and C1s being the most common) or other 

hydrophobic ligands such (e.g. phenyl or cyano ). A variety of styrene/divinylbenzene 

resins designed for reversed-phase, liquid chromatography are also available 

25 commercially such·as Diaion™ HP and SP resins (available from Mitsubishi 

Chemical Industries Limited, Tokyo, Japan), and Amberlite XAD-2,4, and 16 resins 

(available from Rohm and Haas Chemical Co., Philadelphia, PA), and the CG-161, 

300, and 1000 Amberchrom resins from Toso Haas (Montgomeryville, PA). Non-
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functional resins are generally characterized by their pore volume (0.5-4.5 ml/g), 

specific surface arha (200-800 m2/g), pore diamewr:(40-1300 A), pore size 

distribution and/or bead size distribution. Preferred non-functional resins include 

Diaion HP-20 having a surface area of 500 m2/g, a pore size of200-300 A and 

5 particle size of200-800 µm; SP-825 having a surface area of 1,000 m2/g, pore size of 

50-60 A and particle size of250-600 µm; SP-207 (brominated version ofHP-20) 

having a surface area of630 m2/g, pore size of 100-200 A and particle size of200-800 

µm; and CG-161 CD having a surface area of 900 m2 
/ g, pore size of 110-17 5 A, and 

particle size of 80-160 µm. More preferred are the HP-20 and SP-825 resins. 

10 Initially, a crude or partially purified solution is provided that contains the 

desired cyclic peptide compound having at least one protonatable amino group. 

Generally, the amino group can be protonated during the course of the acetic acid 

gradient that spans the pH range from 5.5 to 2.5. Preferably the amino group is a 

primary amine; however, the amino group may be a secondary amine or tertiary 

15 amine so long as the additional substituents on the nitrogen atom are not sufficiently 

hydrophobic such that they overcome the polarity of the positively charged amine. 

The solution may originate from a fermentation process or a synthetic process. For 

example, the cyclic peptide compounds may be prepared by the synthetic methods 

described in U.S. Patent No. 5,696,084; J. Am. Chem. Soc., 108, 6041 (1986); Evans, 

20 D.A., et al., J. Am. Chem. Soc., 109, 5151 (1987); J. Med. Chem., 35, 2843 (1992); 

and Kurokawa, N., et al., Tetrahedron, 49, 6195 (1993). The crude solution is usually 

a mixed broth. Alternatively, the process may be used to further purify (or polish) 

partially purified material. 

Depending upon the particular fermentation process used, it may be desirable 

25 to prefilter the solution to remove particulates that may interfere with the 

chromatographic process. Filtration may be accomplished by any number of means 

known to those skilled in the art including gravity filtration, vacuum filtration through 

a ceramic filter which may or may not include a Celite™ filter aid, etc. Solids in the 
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fermentation broth may also be removed by centrifugation followed by decanting the 

liquid from the solids. 

The fermentation solution may be concentrate~ if desired using a variety of 

means which are· also well known to those skilled in the art such as evaporative 

5 concentration, lyophilization, etc. The concentrate.may be filtered a second time to 

remove any precipitate that may have formed during the concentration process. 

The crude or partially purified solution is l(>aded onto a chromatography 

column packed with one of the hydrophobic chromatographic media described above. 

The desired cyclic peptide product is then eluted from-the chromatographic media 

I 0 using a continuous nearly linear gradient ranging from about 0.1 % acetic acid to about 

10% acetic acid, preferably from about 0.5% acetic acid (pH=5.5) to about 4% acetic 

acid (pH=2.5). The upper end of the range of acetic acid concentration selected is 

based upon the stability of the chromatographic media used and the stability of the 

compound being.purified at that pH. The lower end of the range is selected based· 

15 upon the pH where the amino group is protonated and concentration of acetic acid 

required to elute the product from the hydrophobic surface. Those skilled in the art 

will appreciate that the gradient does not have to be perfectly linear. Within the 

meaning of"nearly linear" includes a flat convex or concave gradient. 

At the end of the gradient elution process step,. an additional volume of the 

20 higher concentrated acetic solution is typically used to complete the elution. At the 

end of the process, the column may be regenerated so that the column may be re-used 

for additional purification cycles. The regeneration step typically involves washing 

the column with mixtures of an organic solvent and water at both a neutral and 

alkaline pH to remove any residual materials left on the column matrix. Suitable 

25 solvents include acetonitrile, methanol, isopropanol, and acetone. The linear acetic 

acid elution scheme not only provides good selectivity (see i.e., Example I below), 

but also limits the use of organic solvents to the regeneration step of the column 

operation. Thus,. both the absolute quantity of organic solvent used and the volume of 

column effluent that must be treated ptjor to disposal is minimized. 
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The fermentation product may be recovered from the eluate using a variety of 

methods. Suititble·recovery methods include czystallization, evaporative concentration, 

and lyophilization. 

The fermentation broth for Echinocandin B contains varying levels of a 

5 tripeptide-aldehyde (Asn-Gln-Leu-H) by-product having the following chemical 

structure (Ia). The tripeptide-aldehyde by-product under goes deacylation as well as 

Echinocandin B during the enzymatic deacylation process to fonn the corresponding 

deacylated tripeptide-aldehyde (lb). 

10 

(I) 

where R is C(O)CH2CH(OH)C~H1 9 (Ia - fennentation by-product) or a hydrogen (lb -

deacylation by-product from a mixed broth). 

Surprisingly, the retention time of the deacylated tripeptide-aldehyde is very 

15 similar to ECBN in reversed phase, liquid chromatography, even under optimum 

elution conditions, thus making it very difficult to separate the deacylated tripeptide­

aldehyde (lb) from the desired ECBN. If the tripeptide is not removed, then the free 

amino group of the tripeptide competes with the free amino group of the ECBN 

compound during the reacylation process. As a result, an excess of acylating 

20 compound must be added to insure complete acylation of the ECBN compound. The 

tripeptide contaminate not only consumes needed starting materials but also produces 

an acylated by-product that is difficult to remove in subsequent purification of the 

acylated ECB compound. Preferably, the tripeptide by-product is removed prior to 

the reacylation of the ECBN compound. 
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The tripeptide-aldehyde by-product may be removed from either the 

fermentation mixture or the mixed broth (i.e., de~cylation mixture) by reacting the 

aldehyde with a derivatizing agent prior to chromatriSraphic purification. The 

derivatizing agent may be added to the aldehyde functionality to change the 
. . 

5 · chromatographic.retention time of the tripeptide_.aldehyde in relation to the desired 

ECB compound. •Suitable derivatizing agents includ(! sodium bisulfite, hydroxyl 

amine and semic~rbazide hydrochloride. Some advantages of using derivatizing 

agents as oppose~ to other means of modifying the chromatographic retention times 

are the selectivity of the derivatizing agents for the aldehyde functionality and the 

IO mild conditions under which the reaction occurs: If the reaction between the 

15 

20 

derivatizing agent and the tripeptide-aldehyde is reversible, then the aldehyde can be 

easily recovered by removing the derivatizing agent. The recovered tripeptide can 

then be used for qther purposes. 

EXAMPLES 

The following abbreviations are used through out the examples to represent · 

the respective listed materials: 

ACN - acetonitrile 

TF A - trifluoroacetic acid 

HP-20 - s~yrene/divinylbenzene resin ha~ng a surface area of 500 m2/g, a pore 

size of 200-300 A and particle size of 200-800 µm. 

SP-825 ": styrene/divinylbenzene resin having a surface area of 1,000 m2/g, 

pore size of 50-:60 A and particle size of 250-600 ~· 

SP-207 "." brominated styrene/divinylbenzene resin having a surface area of 630 

25 m2 lg, pore size of 100-200 A and particle size of 200-800 µm 

CG-161CD - styrene/divinylbenzene resin having a surface area of900 m2/g, 

pore size of 110-~ 75 A, and particle size of 80-160 µm. 
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Chromatographic preparation and ECBN purification procedures: 

Glass d<1tufuns were used ranging in size irdfu 0.2 to 5 liters. The 

chromatographic matrices studied included HP-20, SP-825 and SP-207 (all available 

form Mitsubishi) and CG-16lcd (available from Toso Haas). The matrices were 

5 batch washed with 50/50 water/ ACN, 0.1 M sodium hydroxide, and finally by pure 

acetonitrile (ACN) prior to column packing. The matrix of choice was packed into 

the appropriate size column using simple slurry settling techniques. Column sizes 

less than one liter were operated using conventional FPLC instrumentation (available 

from Pharmacia). The five liter column experiments were conducted using a Waters 

10 Delta Prep 3000 controller system. 

ECBN mixtures were clarified by filtration using Cuno 30S filters prior to 

loading onto the respective columns. The HP-20 and SP-825 columns were pre­

equilibrated in 0.5% acetic acid (HOAc), adjusted to a pH of 5.5 with sodium 

hydroxide (NaOH), and loaded with the clarified ECBN solution. The HP-20 

15 columns were loaded to approximately 5 to 5.5 g ECBN/liter of packed resin while 

the SP-825 columns were loaded at approximately 11 to 12 g/liter. After loading, the 

columns were washed with 5 column volumes (CV) of the equilibration buffer. The 

product was eluted using a continuous 5 CV, linear gradient ranging from 0.5% 

HOAc (pH=5.5) to 4% HOAc (pH=2.5). At the end of the gradient, an additional 2 

20 CV of the 4% HOAc solution was used to complete the elution. During elution of the 

product, 0.2 CV fractions were collected. The fractions were characterized by a 

variety of reversed-phase HPLC (RP-HPLC) methods, the appropriate fractions were 

combined to yield the mainstream pool. The columns were regenerated by washing 

with a 3 CV 60/40 mixture of ACN and water, followed by a 3 CV 60/40 mixture of 

25 ACN and 0.1 M NaOH. The flow rates used during the operation were 2 CV/hour 

(150 cm/hour) for load, wash, regeneration and re-equilibration and 1 CV/hour (75 

cm/hour) for elution. The mainstream pools were concentrated. 

For comparison, the following mobile phase conditions (organic modifier and 

pH) and gradient elution profiles were studied in addition to the matrix type. 

11 
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ACN modifier: Example~ 1-3 used a 5 CV, linear ACN gradient (pH 5.5 with an 

acetate buffer). 
.. . . 

Acetic Acid Elution: In addition to the cotditions described earlier, the 
' .: . 

concentration of a~etic acid was increased to 5% (Example 10). A step gradient and 
.. ' 

5 convex gradient were also compared to the continuous linear gradient described above 

on both the HP-20 ~d SP-825 columns (Examples 13-19). 

10 

Analytical characterization of samples: 

The quality and quantity of ECBN chromatographic samples were evaluated 

using the follow~ng analytical methods. 

Phosphate system: A Zorbox SB C-18, 3 .5 micron particle column (0.46 cm 

ID x 15 cm), was eluted with a 0.2% phosphoric acid/ACN mobile phase at a flow 

rate of 1.0 ml/min. The column was operated at 40°Cand the effluent was monitored 

at 210 run. The column is equilibrated in 1 % ACN and after sample injection, a 

gradient ranging from 1to18.5% ACN over 9 minutes was used to elute ECBN. 

15 After elution, the· column was washed· with 50% ACN to elute any highly retained· 

components. 

Phosphate/Octanesulfonic Acid (OSA) system: This system is similar to the 

phosphate system discussed above, with the exception that the mobile phase contains 

30 mM OSA. ~e column is equilibrated with 9%ACN. After the sample is 

20 injected, elution ofECBN is accomplished with a gradient ranging from 9 to 24% 

ACN over 9 minutes. The column was then washed with 50% ACN to elute highly 

retained components. Column flow rate and detector wavelength were as above, 

while the column ~emperature was 50°C. This system is particularly useful for 

25 

quantitating the Asn"."Gln-Leu-H tripeptide-aldehyde component. 

TFA system: A Vydac C-18, 3.5 micron column (0.46 x 25 cm) was used for 

the assay. The mobile phase contained 0.1 % TFAand elution was accomplished 

using a linear ACN gradient of 0 to 10% over 20 minutes, followed by a column wash 

of 50%. Column flow rate, temperature, and detector wavelength were the same as 

for the phosphate. system described above. 

12 
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Amino acid analysis (AAA) was also conducted on samples as an alternative 

method for de~ning the tripeptide content. S~ples were acid hydrolyzed, and 

the moles of Asn, Gln, and Thr in the hydrolysate were detennined by ion exchange 

chromatography and ninhydrin derivatization. The Thr recovery was used to 

5 determine the moles of ECBN in the sample, while the Gin content represented the 

tripeptide levels. The mole% (M%) of the Asn-Gln-Leu-H tripeptide versus ECBN 

was calculated using the following equation: 

M% Asn-Gln-Leu-H = 2x[Gln]/[Thr} 

Optical density (OD) measurements were conducted on select samples at the specified 

10 wavelength to estimate relative sample turbidity (OD @550 mn) or total protein 

content (OD @280 run). 

15 

The following examples are provided to illustrate but not limit the claimed 

invention. 

Example 1 

Example 1 compares RP-HPLC chromatographic processes using an 

acetonitrile elution scheme with an acetic acid elution scheme in combination with a 

variety of non-functional resins. Table l summarizes the results observed using the 

designated elution schemes and column media. 

13 
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Table 1 

Ex. Matrix Column ECBN RP- ' %Desmetbyl Mainstream 
No. type Load9

' Eh1tion Scheme Yield HPL<;: lmpuritf Volume 
paritli: 

l* HP-20 3.8 0-10%ACN 84% 775%: 2.09% 2.7 
pH S.S 

":.· ... 

2* HP-20 7.7 O'."l0%ACN 66% 76%. 1.2% 4.2 
pHS.5 ~ J : .,;r 

3* HP-20 10.0 0-10%ACN 48% 52.3%: 1.2% 4.2 
. . . pHS.5 .. 

. . 
4* HP-20 6.0 · ().5%-4% HOAc 82% 705% 11.4% l.B 

&tep gradient 
· ... 
:·. 

s HP-20 6.0 O.S-4%HOAc 
. 7 linear gr*t. 

69% 89%: 1.8% 3.i 

6 SP-207 12.0 0.5-4%HOAc 1'791' 83%' 6.35% 3.9 
7 linear grad. 

7 CG-161 6.0 0.5-4%H0Ac 59% 90.2%·' 1.3% 3.0l 
7 linear giad. 

8 CG-161 10.0 : 0.5-4%H0Ac 75.2% 83%·· 2.5% 4.7 
7 linear grad. 

9* CG-161 8.0 IOOmM H3P04 51% 80%'• 3.3% 4.4 
10 SP-825 12.0 0.5-5%H0Ac 72% 78.5~ 5.5% 2.8 

7 linear grad. 
11 SP-825 14.0 0.5-4%H0Ac 70% 82%·': 3.57% 3.0 

5 linear grad. 
12 SP-825 18.0 0.5-4%H0Ac 83% 85%" 4.0% 4.8 

5 linear grad. 
13 HP-20 6.0 0.5-4%H0Ac 70.5% 85o/o" 2.68% 2.S 

S linear grad. 
14* HP-20 6.0 0.5-4%H0Ac 65% 8~.6%·: 3.11% 1.44 

Convex 1 CV 
15* HP-20 6.0 0.5-4H0Ac 38.5% 80,4%: 2.93% 0.77 

Step gradient 
16 SP-825 9.1 0.5-4%H0Ac 7?0.4 92%· 2.6% 2.9 

S linear grad. 
17* SP-825 9.1 0.5-4%H0Ac 58% 91% . 2.5% 2.7 

Convex grid. •. 

18* SP-825 9.1 0.5-4%H0Ac 56.6% 89o/o. 3.4% 2.3 
Step gradient 

19 SP-825 11.8 0.5-4%H0Ac 59% 87% 2.8% 2.6 
S linear grad; 

20 HP-20 5.0 0.5-4%HOAc 81% 88%· 2.2% 2.6 
5 linearg~. 

21 HP-20 6.3 0.5-4%H0Ac 81% 86% 3.3% 3.0 
~ linear grad. 

In Table l, *Comparative.examples; aMeasured in grams ofECBN per liter of 

resin; bDesmethyl impurity refers to a mixture of two ECBN compounds where the 

5 methyl group is missing on the threonine and the methyl proline peptide units, 

respectively. 

The (ACN) modifier scheme provided good yield, overall purity and 

resolution of the desmethyl components; however, acetonitrile is an organic solvent. 

Table 1 clearly shows that acetic acid provides an alternative to the traditional organic 
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solvent elution scheme. The data also shows that a continuous gradient of acetic acid 

significantly enruices resolution as compared tqieither a step gradient or convex 

gradient of acetic acid. Even though the product yield for Example 5 (linear gradient) 

is slightly lower and the mainstream volume larger as compared to Example 4 (step 

5 gradient), the overall ECBN purity is higher (83% vs. 71%) and the desmethyl content 

is lower (2% vs. 11 % ). 

The elution of ECBN from the hydrophobic matrix using the acetic acid 

elution process is believed to be·accomplished in two ways: (1) acetic acid acts as an 

organic modifier, thereby increasing the elution strength of the mobile phase; and (2) 

10 the lower pH of the B solvent (strong elution solvent, pH=2.5) serves to protonate the 

amine functionality ofECBN thus making it more polar and therefore less retained by 

the hydrophobic stationary phase. Both the organic modifier and pH that affects of 

the 4% acetic solution are apparent in comparing Examples 8 and 9. In Example 9, 

1 OOmM phosphoric acid (pH=2.5) was substituted for the 4% HOAc (pH=2.5) as the 

15 B solvent. If the elution of the ECBN was dependent only on the pH of the mobile 

phase, the elution position and recovery of ECBN should be similar to that observed 

in Example 8. In fact, the phosphate elution resulted in only about 50% recovery of 

ECBN and the product peak showed a significant degree of tailing. Thus the 4% 

HOAc may bring about elution by both lowering the pH of the mobile phase and 

20 increasing the elution strength of the mobile phase by acting as an organic modifier. 

Acetic acid also provides for greater selectivity than acetonitrile. When RP­

HPLC chromatograms for mainstreams collected from HP-20 columns eluted with 

ACN versus HOAc (Examples 1 and 5, respectively) are compared, an absence of 

backside impurities in the mainstream eluted using HOAc was observed. In the 

25 HOAc elution scheme, these components are not eluted until the column is 

regenerated. 

Example2 

Example 2 compares chromatographic processes using a single column/linear 

acetic acid elution scheme (described above) with a dual column/convex acetonitrile 

15 
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elution scheme. In addition, a comparison between untreated lots of ECBN 

{Examples 2-8 and. 2-10) with ECBN lots treated with sodium metabisulfite prior to 

purification on .the;: column {Examples 2-7 and 2~~) is described. The pretreatment 

with sodium metabisulfite was accomplished by simply adding 10 mM of sodium 

5 metabisulfite to the column ch8rge ~d allowing ~e solution to stir for a period of 6-

18 hours. The single column process is the same as qescribed above using a linear 

gradient acetic acid elution scheme. 

The corpparative dual column process uses two HP-20 columns that operate in 

a lead-trail configuration. A fennentation broth i~ loaded onto two HP-20 columns 

10 connected in series: Any ECBN which is not retained by the first column is 
. . 

concentrated on the second column. The ECBN is believed to be distributed in 

approximately ·eqW1.l proportions between the two: columns. After loading, the lead 

column is disconnected and washed with 3.8 column vol11mes (CV) of water. Elution 

of the lead column is accomplished by washing with 3.3 CV of 5% HOAc. The 

15 mainstream from the first column is adjusted to apH of5.0 and charged onto the 

partially loaded second {trail) cc>lumn. The colwrin js washed with 6.3 CV of water 

prior to elution. A convex acetonitrile gradient (0-9.4% over about 5 CV containing 

0.5% HOAc) is used to elute the column. The column effiuent is fractionated and 

fractions having the desired purity {greater than 75% reversed-phase HPLC main peak 

20 purity and less than 10% desmethyl component) are pooled as the mainstream. The 

pooled solution is then concentrated. 

Table 2·compares the results observed for the single column versus the dual 

column chromatographic process, and the treated versus untreated ECBN 

fermentation broths. 

16 
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Table 2 
,., : ..... · .. . ;.j• 

' . ECBN'Pbtity ECBNPurity 
Post Colamn Purification Crystal• 

Ex. Column type & Column ECBN/O 
No. conftguation Load %MP %Des• %tripeptlde DRO Poteacy 

(g/l) b Purity' 

2-l HP-20 5.0 88.4 1.8 7.0 0.71 14.9 
2-2 SP-825 12.0 88.2 l.9 6.2 0.59 73.) 
2-3 HP-20/HP-20 8411 2.2 7.1 O.S3 60.S 
2-4 HP-20 5.3 83.0 2.0 ll.& 0.69 76.4 
2-5 SP-825 12.0 79.4 2.3 12.7 0.68 63.J" 
2-6 HP-20/HP-20 81.9 1.7 12.8 0.67 76.8 
2-7 HP-20 4.8 87.7 1.8 1.5 0.65 74.3 
2-8 HP-20/HP-20 84.6· 1.9 7.9 0.62 
2-9 SP-825 10.5 88.2 3.2 3.3 0.56 
2-10 HP-20/HP-20 79.6 2.8 13.6 0.68 

In Table 2, 'Values reported represent the average of two independent 

crystallizations and analytical detenninations; b%Main peak versus total RP-HPLC 

5 peak area; c%Desmethy1 impurites; dECBN/OD = grams of ECBN (RP-HPLC)ffotal 

OD grams; where OD grams OD@280 mn and assuming Eo.1% of 1.0; cone of the two 

lots had high water content; therefore, average potency was reduced. 

The analytical results reported above for ECBN purity were obtained after the 

mainstreams had been concentrated. Both the reversed-phase HPLC main peak purity 

10 and the desmethyl levels are similar for the single HP-20 and SP-825 column 

experiments. However, the single HP-20 operation consistently yields a slightly 

greater reduction in the desmethyl component. In general, the ECBN reversed-phase 

HPLC purity of the single column process is equivalent to or better than the ECBN 

purity from the two column process thus providing a more economical means of 

15 purification. 

None of the column purification schemes were able to significantly reduce the 

level of the tripeptide; however, pretreatment with sodium bisulfite significantly 

reduced the amount of tripeptide impurites. The ECBN/OD purity of the product 

from the single column studies was equivalent to or greater than that obtained in the 

20 two column studies. Although the ECBN/OD value does not represent an absolute 

measure of purity, it does provide a good relative comparison of the ECBN purity 

resulting from the various column operations. AB of the column operations gave a 

17 
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10-1 S fold increase in ECBN/OD puri~y when the values for the column charge 

solutions (data not shown)· are compared to those concentrated mainstreams. 

All references cited herein, are hereby incoipq:rated herein. Although the 

foregoing invention has been described in some d~tai~, by way of illustration and 
. . ~-

5 example for the puwoses of clarity and understanding, it will be apparent to those 

skilled in the art. that certain changes and modifications can be practiced. Therefore, 
.. . . 

the description ap.d examples should not be construed'. as limiting the scope of the 

invention, which is delineated by the appended claims. 

18 
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CLAIMS 

1. A method for separating and purifying cyclopeptide products comprising 

the steps of: 

( i ) providing a mixture comprising a cyclopeptide compound having 

attached thereon at least one protonatable amino group; 

(ii) adsorbing said mixture onto a hydrophobic, reversed phase 

chromatographic media; and 

{iii} eluting with a continuous nearly linear acetic acid gradient ranging 

from 0.1 % acetic acid to 10.0% acetic acid by volume in water. 

2. The method of Claim 1 wherein said acetic acid gradient ranges from 0.5% 

acetic acid to 4.0% acetic acid by volume in water. 

3. The method of Claim I wherein said cyclopeptide compound is 

15 represented by the following structure: 

RS 

wherein Risa hydrogen or-C(O)R' where R' is an alkyl group, an alkenyl group, an 

alkynyl group, an aryl group, or heteroaryl group having attached thereon at least one 

20 protonatable amino group; Rl is -H or -OH; R2 is -H or -CH3; R3 is -H, -CH3, 

19 
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-CH2CONH2 or -CH2CH2NH2; R4 is .,H or -OH; RS is -OH, -OP03H2, or -OS03H; 

and R6 is -H or -OS03H. 

4. The method of Claim 3 wherein R is hydrogen. 

5. The method of Claim l wherein said hydrophobic, reversed-phase media is 

an organic polymer. 

6. The method of Claim 5 wherein said organic polymer is a copolymer of 

I 0 styrene and divinylbenzene or a methacrylate polymer. 

7. The method of Claim 5 wherein said organic polymer is a 

styrene/divinylbenzene resin having a surface area of 500 m2/g, a pore size of200-300 

A and particle size of 200-800 µm; or a styrene/divinylbenzene resin having a surface 

15 area of 1,000 m2/g, pore size ofS0-60 A and particle size of250-600 µm. 

20 

25 

8. The method of Claim 1 wherein said mixture is a product ofa mixed broth. 

9. The method of Claim 1 further comprising the step 

(iv)recovering said cyclopeptide compound. 

10. A process for purifying Echinocandin-type compounds containing an 

aldehyde by-product comprising the steps of: 

( i ) providing a mixture of a Echinocandin-type compound and an aldehyde 

byproduct; 

( ii ) adding a derivatizing agent to said mixture to produce a derivatized 

aldehyde product; and 

(iii) separating said Echinocandin-type compound from said derivatized 

aldehyde product. 

20 
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11. The process of Claim 10 wherein said separating step (iii) comprises the 

method of Claim 1. 

12. The process of Claim 10 wherein said Echinocandin-type compound is 

represented by the following structure: 

RS 

RI 

wherein R is a hydrogen or -C(O)R' where R' is an alkyl group, an alkenyl group, an 

10 alk.ynyl group, an aryl group, or heteroaryl group having attached thereon at least one 

protonatable amino group; Rl is -H or -OH; R2 is -H or -CH3; R3 is -H, -CH3, 

-CH2CONH2 or -CH2CH2NH2; R4 is -H or -OH; R5 is -OH, -OP03H2, or -OS03H; 

and R6 is -H or -OS03H. 

15. 

20 

13. The process of Claim 12 wherein R is a hydrogen. 

14. The process of Claim 13 wherein said separating step (iii) comprises the 

method of Claim 1. 

15. The process of Claim 10 wherein said aldehyde by-product is represented 

by the following structure: 

21 
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r 
H 0 

wherein R is -C(O)CH2CH(OH)C9H19 or a hydrogen. 

16. The process of Claim 10 wherein said mixture is a product of a 

fermentation broth. 

17. The process of Claim 10 wherein said mixture is a product of a mixed 

fermentation broth. 

18. The process of Claim 10 wherein said derivatizing agent is selected from .· 

the group consisting of sodium bisulfite, hydroxyl amine and semicarbazide 

hydrochloride. 

19. The process of Claim 15 wherein said derivatizing agent is sodium 

bisulfite. 

20. The process of Claim 15 wherein said separating step (iii) comprises the 

method of Claim 1. 
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