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- Abstract A nethod is described for formng a crystalline Echinocandin

nucl eus salt fromits m xed broth and/or partially purified process
streans by the steps of naK8RMATION AN ANIONEXCGHANGEDK r at e,

addi tion of an al dehydER¥STALANE PUHIMNGITANDIN AMNVIONGUSECSSLYE t h an
al dehyde inpurity, addition of an acid/nmetal salt to forma

sol ubi l'i zed echi nocandi n nucl eus S?héL&@Fiﬂl@;rfN%_ Pﬂﬁz&r ed ani on, and
subsequent cool i ng E&e t he m xture to crgrstal ize the salt. 2 8 AUG

2003 FOR THE PURPOSES® BT NEUHRTITEFS Nt Rroesstiies frmatpniagd righechgnge of
States party t crystdlinecaitsof an erbirocandin nuelges ingfartjsalay) kdis o arpEdhiriosdnd B
international applkasati ons under the PCT. AL Albania AM Arnenia AT

i i i i.a._and Herzegovina BB
Bar bados BE Bel gi um _BF Bur ki naetGegR U0 Jalk VR TBSn 1 | BR
Brazil BY Bel arus Eebinecapigieyclopertidas arahatithlr antifungRepmddts. Cincl@BdGothg 0
CH Swi t zer | and Echinoéanti@ cgkidpepiideSfamily are natural products such as Echinocandin B

10  (ECB), Echinocandin C, Aculeacin Ay, Mulundocandin, Sporiofungin A,
Pneumocandin A,, WF11899A, and Pneumocandin B,. These are typically produced
by culturing various microorganisms. For example, Echinocandin B is produced from
the fermentation of the fungus, Aspergillus Nidulans.

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

15  modified in a variety of ways. One of the most common has been 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; and 5,541,160; and EP
359529; 448353; 447186; 462531; and 561639 describe a variety of N-acyl
derivatized Echinocandin compounds with varying degrees of antifungal activity.

20 The N-acyl derivatives are produced by deacylating the natural product
followed by reacylation with a different acyl group. Deacylation is typically 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

25  compound is typically referred to as the nucleus of the corresponding natural product
(e.g., the deacylated product of Echinocandin B is referred to as the Echinocandin B
nucleus (ECBN)). Unfortunately, both the acylated and unacylated products are
difficult to purify due to their limited solubility and amorphous state. In addition, the
free amino compound (e.g., ECBN) is generally unstable and subject to ring opening.

30 It is well-known in the art that crystalline materials in general are easier to
purify than their amorphous counterparts. Hence, it is desirable to produce
cyclopeptide compounds in their crystalline state to obtain optimal purity. Since the
potency of the final pharmaceutical product is dependent upon the purity of the
intermediates used to make the final product, improvements in purity at any stage of

35  the manufacturing process is highly desirable. Ideally, the contaminants are removed
at the earliest stage possible in the manufacturing process. Hence, there is a need for a
process that simplifies and improves the purification of cyclopeptide compounds
containing a free amino group prior to subsequent attachment of an amino substituent.
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Maurit ani a the steps of (i) concentrating a solution comprising an echinocandin nucleus or
5  amorphous salt thereof, an aldehyde impurity and a solvent by means of a nano-
filtration process to form a concentrate; (ii) adding an aldehyde derivatizing agent;
(i1i) adjusting the pH to a value less than 4.0 (preferably between about 2.0 and about
3.0); (1v) adding an acid or metal salt; and (v) cooling the concentrate to crystallize an
echinocandin nucleus salt having an anion corresponding to the anion of the acid or
10  metal salt added in step(iv). A seed crystal may optionally be added to initiate
crystallization.

In another embodiment of the present invention, a process for exchanging the
anion of an Echinocandin ammonium salt (including simple derivatives thereof) is
provided as well as various forms of crystalline echinocandin nucleus salts.

15 Definitions

“Echinocandin compounds” refers to compounds having the following general

structure including any simple derivatives thereof:

20 I

wherein R is a hydrogen or -C(O)R” where R’ is an alkyl group, an alkenyl group, an
alkynyl group, an ary! group, or heteroary! group; R' is -H or -OH; R? is -H, -NH, or -
CH,; R’ is -H, -CH,, -CH,CONH, or -CH,CH,NH,; R* is -H or -OH; R’ is -OH, -
OSO;H, or -OPO,HR’, where R® is hydroxy, C1-Cg alkyl, C1-Cg alkoxy, phenyl
25  phenoxy, p-halophenyl, p-halophenoxy, p-nitrophenyl, p-nitrophenoxy, benzyl,
benzyloxy, p-halobenzyl, p-halobenzyloxy, p-nitrobenzyl, or p-nitrobenzyloxy; R®is -
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isobutyl, tertiary butyl, neopentyl, etc.), cyclic (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, methylcyclopentyl, cyclohexyl, etc.), or multi-cyclic (e.g.,
bicyclo[2.2.1Theptane, spiro[2.2]pentane, etc.). The alkane radical may be substituted
or unsubstituted. Similarly, the alkyl portion of an alkoxy group or alkanoate have the

15  same definition as above.

“Alkenyl” refers to an acyclic hydrocarbon 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.

“Alkyny!” refers to an acyclic hydrocarbon containing at least one carbon

20 carbon triple bond. The alkyne radical may be straight, or branched. The alkyne
radical may be substituted or unsubstituted.

“Aryl” refers to aromatic moieties having single (e.g., phenyl) or fused ring
systems (e.g., napthalene, anthracene, phenanthrene, etc.). The aryl groups may be
substituted or unsubstituted.

25 ~ “Heteroaryl” refers to aromatic moieties containing at least one heteroatom
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.

30 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 substituents which is a classic alkyl, such as methyl, ethyl,
propyl, hexyl, isooctyl, dodecyl, stearyl, etc. The term specifically envisions and

35  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, the substituents should be selected so as to not
adversely affect the pharmacologica]v characteristics of the compound or adversely
interfere with the use of the medicament. Suitabie substituents for any of the groups
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35  any number of means known 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 fermentation broth may also be removed by centrifugation followed by
decanting the liquid from the solids. Concentrates from a mixed broth refer to those
acquired directly from the filtration or centrifugation of the fermentation mixed broth.
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hi gher purity comgsasdsuchdhnghesCBNsalt neleativelmorystatiides fropt soludon ddaving the
purification. Rideydtis sileinaSetkbis RVAiZHr e DhAbd SRLMbiRFOhy@azine,
fermentati VL prlﬁlﬁx%ﬁyq'l aHife and semicarbazide hydrochloride. At least one equivalent of
derivatizing agent is added per equivalent of aldehyde impurity. Preferably, a slight
excess of derivatizing agent is added (i.e., approximately 1.2 equivalents).
An organic or inorganic acid is added to the concentrate to adjust the pH of the
concentrate solution to less than 4.0, preferably between about 4.0 and 2.0, more
30 preferably between about 3.5 and about 2.5. The optimum pH (i.e., degree of
protonation) will depend upon the local chemical environment of the amine function.




general ly prefiltered to renove particulates. Prefiltration may b@ § AUG 2003
acconpl i sRedoBizs 35 any number of means known in the art including

gravity flltratl on, vacuumfiltration through a ceram c PETPRUOSR%i cn

may or nmay not i ncl ude a CellteTMfllter aid, etc. Solids in the

fermentation br e renp ntrifugation foll owed by
decanting the | ?rh{]il %{%n@fﬂgl aé‘f‘is ‘é&ﬁ{f’ééﬁ?‘ g"l"r“ﬁ\’ﬁ%‘“m seéids br ot h
refer to those fayewgdi TeaECBN salthay Hercoystat tved fromtthmldu:rmmrentrate by adding an

centrifugation afid bhﬁetﬁl%ﬁlmftaﬁxh e H&sli'@djar@é wﬁ%@

00/ 52036 PCT/ US)YL 05494 [y Lhe 50 s'q,g%ﬁogweﬁ %ég’u e oty e e
purification, the concentrared !3"? Blﬁta Pap ae ‘@ﬁ W&&n&STW?Q’o“‘OHS
preparative $i qiey b%mdéﬁmeagql aptneayal popunts Partionoviseskiditibn appearoto control
attenpts. Thos etmamﬁngmMQﬁo&ﬂa e;ngl ha gt f)(frﬁm &B{amtea@%@f}@'ﬂfé

partitions serv

purified proc es gmgﬁlr egtﬁ? ge)rél ar ghlr% OPegm?eég"é‘é theéneéal s%b‘ls F@Jﬁgﬂ’ portions
concentrate. fEa1ems trmnsTeRuagsh Fer Wﬁbdh?\étst pactianvedf nietal sdltgs added hatyedne
uﬁ ed to provi deabomhm :ﬂﬂQB‘KB(he&éﬁaﬁdi pértioadatd Bu0Ekd GbSut 26’5&‘&‘ SF’@ GHd the

chr omat ogr apfi ¢y ver se- phase ne

an acidic e%t i to%ﬁi’gﬂgﬁ a@dég %eéﬂh%fmt%sag’% %elctrjer?f”en tﬁ? %F‘R‘Ffﬁafea‘? é‘fm%%

aci d. For exanplo@oyiy Qﬁsf’th@rt‘i’ é?cr% peolybility pf e EGBNsgit ersethusussists in the
chr omat ogr aphi ccnystltizaionleftbe EGBN shin hiiweet, ffurtet Ioﬁ)enné dftedelpsamReEoR,

1998 entitled 1@@fdhcfﬁ&§;§;ie9ﬂo iémﬁ&m ggﬁgc@gfegol%ﬁ %?ﬁ%téc‘ﬂﬁ\l %Cﬂr‘r‘ggunds

The purification net {:uesa re on
hydr ophobi ¢, rel&FF8¥ a’ﬁﬂ‘ﬁ%@ % ‘B%’t%’@?%?ﬁﬂfoc"he tREasnaraig ArbeliErditqeptRilyh a
conti nuous hear prpvilde p dely ammesoiirce, oi dsogedudesthd solwbiiiy bfthé EQBN salt. 1TRG

acetic acid to {uh 9%ede el dctd;
0. 59 15 (pHES. 5) 4 11% ) ¢ Iﬁ&hIQalb?{dd\é@ld{H@canen‘ﬁ@tte%r en%@{ ﬁ\?%k%ﬁ%gu'i omn

acet |
ECBN salt, the SOl ULl QI(P % geﬁ\t ?fhtg ?ﬁnﬁeé’gmﬁr g’fef?r@r‘y’éé?efié%’éhls added q 3spigins
fromthe chr onathg drtgsien efﬁbp poetaliizatior pfocesst concent r at ed.

Convent i |t onal | y, th }E,WBQJ thié ty@l@»p&ﬁiﬂe %Qﬁ@rﬂﬁkﬁ%ﬂ’e@hﬁ%&ﬁﬁiﬁﬁ&h@%eﬁ& Sﬁlt is an
evaporati ve, I can ave
di scovered {hat a(q-ﬁ a(ﬁlg g?th '([2\ P §{lca8 i %éves[{]gcﬂeﬁ?m%gl&sah’:?“ r?g g amgpphous
efficient and hP‘Ejﬁ%‘P‘“‘&G&‘}]?I{f’?t‘%ﬁ% éﬁ@tl}e&@%‘y eYthangsd ircids prefamvodfiap sltemRiFO
fol d concent r at amen wfirce (atiakidoeme@apgartpes. form Qér&étéiﬁﬂe)saﬁ Ot&tekéiﬁbwfthctljﬁ&c

| d
cycl opeptide nugl s Q&teﬁﬂx}%gxg %et%éf g%?capfy {nQIQe orm HF an ay’;ﬁlo&buélgﬁeaée salt

reverse OsnDSi s (t?\rkrﬁr ane
nucl eus whil e affERTRUMbiRatetifarec TreAnionexeitnss mpUe actemplisked by adding
t hrough. Th25 nathe apprbiiriaget acidfmeta siloehipii Sevied @Sthe elupative BEMARLRE RSP Ve

the 25 conventi gigho @'yﬁﬂﬁfaﬁgﬁ Vifor 'E%hlﬂpgﬁre g arﬂ?ﬂe scllcd hsheI-rIC%%Iilugxcc%}onde

elimnates the need for nuc

time, and significarf S‘I“E’Bﬁféf’t ﬁ‘bﬁ”ﬂ?tx’ g?%@%?Néﬂt ‘“ﬂf“éﬁd&@t%‘fpﬂe@ (thg
concentration. t9mcénikating avojutibmtintainingiBEBN for hrhorahdue Salﬁhéxﬁﬂﬁ&nd)ﬁk%lﬂﬁhyde

produce a concem ugt \dl aﬁbﬁqk A8h
D29 wi L hou ril’umyglssgf n T %EesQQﬁ%@ Q%E%ﬁﬁngp%ﬂf}(g%ﬁerre Lt ed

e
i mpurities, ? he er ment ttefw ‘b‘f‘%ﬁ%‘%?‘ t%b‘ﬂ&il?éﬂ SIFRPRY: @hadivstpefae pH to
varying | evel s I§6s than4.9; sivpedding 2aaeid hyuetal sal (prefemably daCH) artdy(v prookinscthe
havi ng the fol | awitRg t&hﬁﬁﬂe@@ktaﬁﬁziﬂéﬁbﬂﬁ@ E@BNsaltTl&%eédrdrﬁ%‘PBf@@BﬁEﬁﬁﬁ e

he enzymati ¢ aasepfigee iRk, B 8B, Tl ihtrsming cHonec
de acyl ated tri p@ﬂ?‘{ Hdbrge mWéthe firs} porgagx is added between about 22 and 28°C the

35 second portion is added between about 15 and 20°C; and the third portion is added
between about 8 and 12°C). In addition, the first portion, preferably, contains nearly
twice the amount of sodium chloride by weight as the second or third portion.

The anion of an isolated ECBN sait may be exchanged by slurrying the
cyclopeptide ammonium salt with an acid salt (or metal salt) containing the desired

7
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HZN o | whes9edd is C(OCH CH(OH) COH19 (la - fernentation b%lowsroduct)

or a hydrogen (Il b - deacylation by-product froma i xed® 494
Surprisingly, the retention tinme of the deacyl ated

tripeptide-al dehyde is . 5 siml o ECBN i.n reversed phase,
I |r::]5| 8 chr omat oZtg;rpr{%Iﬁ:)l )ZS éﬁ{%@)v,em’}fgtﬁ‘gj{‘ﬁ%‘fw B5ts ereatith ahd then
condi tions, thu@okegihasplutionyie foymdhefdepizad|crystaiing egiar at e t he deacy! at ed
tripeptide-al dehyde The bﬁyﬁﬁ?iﬁﬂfohh@oﬂ&%&d’eﬁ#ﬂa@@ﬁ%es Hhe af‘@t?gic’i fsbhfidrAdriapn
also d : C [ enny e .deacyl a .
Ito ; iogng i de- al deﬁ?@g&?@? ﬁﬁ%stﬁen&ég{vg%%éﬂm%sn%&ﬁh Wﬂg’r Prﬁgesf ?tfeﬁrgbt“inar@ved
i npuri ty infY uehtEdsationof iigrmediates, Burspyedshalfiife.cand insreE@B viedds|of the fipal
Al t hough not wi ®lglated produdte Tbodagebe;ﬂywﬁilay e&ﬂ@fihbf@ﬂ%mtaﬁ&s dr@;eta%ati ﬁwge
that the tripepd i i . [ weak ¢ ex W th.
Noel eus i n ot oo &ttt i pliubldsal R d B ess STRMES s rrtret
the rate of ECB Nucll@f&ryeinliag spitmaydeiishtedim g gariesmficristslling iy e goor
product recoverymplSsaisaxusmnt-bat, fotnfsesdlvaiqdapd/ bty dRyedI6ra@U&s.). | £ simple
preferably jenmoye@nftd MRHbdE Shifthdyde ik ﬁlgtf&ﬁ‘l df%?&qu 1&%i-9<$id %@Y@Jnaslﬁxh' ne
ECBN. 15 The tri pept éjﬁg@' dggg y-Product nmay be nodifred intre
ECBN concentrat® h&ﬁ AT A a@VEE- Nt YA cpre A INEL ippresepint
prior to cryst ahe pyckipepivle cait@ningle piovanbicd prigaggsitio Balpgegi, EEBY), A is a
|t o 2t on bet et e araidhifa N6 E ERAOAUR me @, SRABR AN oy,
i t A e. .al.de e . .
ofors toa reaneite ERBRETHe fofl dhyfrogsmphosshatc, mdosensh gy, byctogen
conpl exati o) wxekteplydregsn mymoit@lmhaﬂm!fmage aofl pitbleertesulfoept.i de
by- product to psuidble @ivalentiaiohs mdh@éuﬁa&,]f@{aiﬁte! l?d_?dg@ﬁ t;lfdéﬁmel %{%ﬁéﬁ{ SPte
in hyd hobi ci . ration e tri ide. | ;
from the. desi r el el Sulifé AEEREAAS Bt apfiinfy BER, Sgtigp. pofgesom and
al dehyde is i nEFREYl@PMYN-t hat t he ECBN salt sel ectively
crystallizes from sdhnet-sadfomneaniyts régiesentad siepigad éﬂckﬁ&'(gplmﬂ?A')(M*A%

Sui t abl e deyq 174 b\oy s G ' isulfite,. hydrazine, 25
hw:lr gxy?a a%dn\éa%{déédgmgggb Zi ej_’ g{i/{grf' %ﬂ'sgﬁ v%!:-e,ny%?talr gg%%yeo(i%a%em metals
equi val ent of ’BQP‘?WHW?{G%@%“”P-S added per equival ent of al dehyde

i mpurity. Preferabl ynadditwhitgtit bashxaai e idiscidsdd\abbvez ih gal6@B BE isbteadsed
(i.e., approxi n@ivaley Exardpl&BHisMah&Momhs inﬁbﬁd&h{%@%tﬁ e foil%ﬁga‘[}h?ctaﬁm d
is added to the concentrate,t diust the pH of the “concentrate
sol ution to | esfé’“?‘ﬂ%en@ &h 6‘9@1‘@*@ IXPefser iR@R ArealG erlveat ddhgpubscopts for e
30 preferaly budbheenmesaicolvats stoichithetypotiitable Solvalhehapts iitlirie pidthanole. |
degree of  protamabl, AyladMakd, 2 dRRENEMRTE, tdhghydRbRkhn SRABILGR!
environnent of the v 1S rr}(()_:‘m-zolljvrzll%:etdIar%1 éolvGate% fgmé%%yze%%git polymorphism. For
example, the crystalline form may be dependent upon the conditions for
crystallization. Even though the stoichiometry may be the same, there may exist
30  different three dimensional solid phase crystalline structures with different physical
and chemical properties.

It will be understood by those skilled in the art that the following serves as
illustrative examples and that other cyclopeptide ammonium salts can be purified or
produced using the procedures described below. All references cited herein are

35  hereby incorporated herein by reference.
EXAMPLES

Materials used in the following preparations are available-from Aldrich

Chemicals (Milwaukee, Wisconsin) unless designated otherwise. The following
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Cycl 0pept de, AT 3hL ol R Jy3EL b s b 138 bus
35 membrane). After washing, the solution is concentrated to a final volume of 100 to
150 liters (200-300 g/liter). This is then taken directly into the crystallization step.
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D | 0

. € )
and after san Rj &gt e Om E&%N Lo 61.0% ACN
and ayter san gigla P J ._-_‘_,_- P LS B NTTRAGP O ey

washed with 5E06ACN-+ T4+ ghe—anlhighly ,ﬁg_'aﬁﬁaed r‘n?%@nnfq

Phosphat e/ Cct %Q"isul o1 ?E e— ,Avsyst@.. -Sfni s st'r59§1i s.sifmlar to
t he phosphate 33_‘)2"atcm .l__tg:%sed ove —with1¥e excelV-8n that |t he
nobi | e phase :ﬁmfa)ai AS A:Ee\'"'"“'"' Ey ag.d 0—2% ]rﬂhr%l,nhnri ggagi d__The col um
i's equilibrat Beon-+h—H036-ACN 1%;8‘;_(_9;_4_@-&m|e -Bnj ect ed,

el ution of EC “jigas ac%%‘pﬁs..cd%ﬂ&h BG4 t_ranfd 10 to
28% ACN over BfpnttesssThe €64 4'6" was—t-h shed (8% K 500 ACN to
elute highly et gi fred Eg,fr;,gncr".t 7.6'220! eHR— c; ¥ 2 DI

wavel engt h wefseeras—a ggélﬁm%lr =the <ol e 5 DC. This
systemis par 3i_l6gll ar+ u £t zgfgquant: fet 9 the - -Leu-H
tripeptide-al c_k%dc v lwuygut. ‘7‘5 H-A S‘)/Stg;ré§ A \yd r1T|6/| C-18-13.5

m cron col um=O—A6—x"25cm—was—used—Fef—tHe—assay—rhe n“h- |l e

phase contai ned 0. 1E24n and el ution was acconplished using a

| i near ACN gr adi ent ver 20.m ut es by a col um
wash of 50% Col unm E)Qﬁ ipoe\‘/v l?lu%%(es 1 EoRIY Yy a0 W&%F%—%E Cﬁ%ﬂ?el engt h
were the sane A8mopiym glié %Y?é‘ﬁﬁyr?é'?@s@wg%%descrl bed above. 25
General Procedures ANammwity 6ftBGEN SfmpHio6 Q6ite Q&E\ls 0, WQ&eAc&tﬁSf% of

| uat
ey Churk, CORSTAR AR ) P el K8, Oy BN gl e
e ‘@a&#?ﬁ&éﬁa% Wi wisee' TthS is (¢ tatal F¢1$t§;b1uéstmmx 50

nanofiltration
menbr anes. 1The iBpuritias)pdrid’KF &tthoKarb Fishee Msiay). OReratEidg alt,rrﬁQQs Pivre@to 15C,

and a recircul askdmt it %@t@ sl %égtI@%Q#gurlgg&gw%x%laH&ed and ha flask was

concentrated to - 4 g.g @bﬁt ers. ov,

with conc. HO SElsdndheask ves ?la‘é‘iqd“?s“?f ltal*ﬁ}éakéﬂ}’aafbéﬁ?‘mémeﬁ #25°¢ andedhakgint h
1000 liters offorapered ¢fiS. days upan siichiatphecipithte formedhi A @/dpepnrgtiche t ot al
vol ume roughl Ypfe@iﬂﬁit@%s 1s@l§te§9§av4cbﬁr§ﬁ§rau§n g}he 1&) dt A8 Ep%#lttléngg

sanme rate that . r ane
washi ng, t hg sO t(l),l “l’ootlﬁaci %nsczﬁ)cae‘ﬁ%q’rs"%lfe ‘81 3 3F°‘W61"¥1FF§°“6F Thooret goke
150 liters (206r2agmos yereistoead)in seqleii gialss t hen taken directly into the

cr yst ial ! || zation st efpheI sgm?-?@ %nms&amdwi%%gofﬂkm&ﬁ%% (955
anmpl e e, cr i on process . an e
conpl exat i on gpi' 9? %:In!: ﬂ'ﬁ dg&a Farlgee %ﬁp‘{ﬂpﬁﬁ 1gnhtem E’BWE"&W PEEe A
sanpl e of an as¥ahout ﬁé%@ﬂﬁ“ﬁ%ﬂaame&léheﬁt@] Ndmlt@dl&ll@m)rcéhﬁtfmtfbwﬁlg
sol ution feom vamidygefuubetiesvetatided Matalddapeen nanofl I tered

usi ng t he gener al —H{quﬁéé ééﬁ? ﬁlrylcgﬁeg \‘%pe a\{lglyg\é%%or anlo%s an% cal onS -ljz’ar.lbl € l

for subsequent treatne
chromatography. ‘Potency and impurities (TRS) were determined by high

performance liquid chromatography (HPLC).

Table III
Crystalline Assay
Samp | Salt Salt Salt Pot (%) [TRS'(%) [KF?(%) |An(%) |Cat(%)
No added |Amt(g) |Conc.Wt%
1 NaCl 23.6 14.6 76.4 1.57 17.6 4.98 0.78
2 NaCl 17.7 11.0 79.9 0.83 17.6 6.70 0.61
3 Pot. 31.9 23.1 64.1 1.66 16.1 10.4 3.29
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sone cases, sodiumbisulfite was added and the m xture sti r][ed und 8l AUG culd
t he sodi fate had dissolved. In all cases, the pH of the

resul t ngwgc?l%??l&on was adjusted to 3.2-2.9 wth dropw nggﬁ@ (%1% n. of

a dilute solution (-10 wt % of hydrochloric acid. 10 To the

resul, rh usted-solution was added calcul ated quantity of
sodi U : mxture was stirked until the sdlids had
di ssdiVed. | HHe e?ﬁ‘t% ng| 1dofution WRad trphsierredltd a 18091 |0.75
1

l've r

gtea—ervistat Hizer—eoguippedwWilth a nmebhanical| stirrdr  To ff he
| acketed e, @-%acf' 5itived dodntiti-0F crlkoaAli 4@ £R |1.07
N des— oMLl SB T B8 B H1d-Jocul 0188 sebll’od e [0. 4
stirrleg—at 5 4f’r35:-4ncr;2 -Zf 15 :71@9 t2 0h6\¢|rc Q79(‘()I’r? qant § 432
of s ?Ju“ﬁ A QZSQf AZE\;;.?S atide® TheltBa tOrf of [ Lhel stildrdd ol Qufby
was :g et :Nézsg‘l 1?’6“'“»-5”(} ;Z'&-Cnt F=¥i 1"73'\ Rre Qt:;a‘ red ] 7’\1"2 ahd I5f 354 0'56
hOUI’SjO ; 3Er l’:g’iroi’d :I.glghl%’: -y (\PBSEdE un r-‘*ﬁ orid vihs addéf  1he8
terrperla%tureoig tne 0 i f8atds urry 8\9/a adj Ustted th 1]10?(: ard-f’_ﬂg O-fll
cont g ’ St ..I-Itu L\nut 2 hets- Thn rnllflnﬂ sol . rom
t he Emgus cr%/d;;oall getd) urr), i Loiat ed SZ/ ?20 y&ctam|0-10

filtraEongaite grysiattigg et g—'?f-@dﬁ“ AHES—IELS \,-.thoa. 17
aqueca!ls3| oiigtihqn of sodjum chl ori 3 abo ? 510 m ,ur wgt % . and
pul | gd dry.onHt@ drystals{ were alljowed tojdry in g 75%re¢l ative )

huni ditiay chamed,| 10V er N gy . o Ne 1| 5Qf g e o Jeduct 57 e Twebgh “at%'sv
assayled fagr, potericy as recorded in Table II wher el ~ i ndi cat és N

pot erjcyp maWatRpOdw duae T P27 nsuT T ¢78Nts Orlyi Tdhs 25] TgiE 1 cCage-| 10oRg
Tripap_Na |Lst  Sgnpl e Pot | npur Conc ECBN Bi sul NaCl 2n 3r #(W

% (wtja)eAnt| NaoAnt| Y0b@) fi{e0gdNaCl|(7g) NaCI(@)5620) | 15.6% | 7.40% | 1.03%

3-1a241.7187.@388-23110..200. 024, @31. 605633 1.02% 18.6% 5.95% | 1.55%
- . . 355, 2311. 701. 704. 231. 06. 0. 63

g :ggé ég; 952. 0112. %950@@@1 verd ¢akgs) fpr gagh sample were examined microscopically under

3-2b23. 857. 952. Adldrzed 0ght88BsHOY¢d BiRrifidnt behavior typical of crystalline materials. In
3-3a2l. 414. 356. %%%n%tméoééﬂhs%%&&éi crystalline forms. All of the isolated materials
5  showed distinct diffraction patterns consistent with the presence of crystalline
materials when analyzed by x-ray powder diffraction (XRPD).
Example 3
Example 3 compares the quality of ECBN concentrated via distillation
(Method A) versus nano-filtration (Method B).
10 Method 4
The combined fractions from column elution (called “mainstream” ~10,000 L)
are partially transferred to a distillation apparatus. The volatile components, including
acetonitrile, acetic acid and water are partially removed by distillation at reduced
pressure. Typical distillation temperatures are between 40°C and 45°C. Transfer of
15 the mainstream to the distillation apparatus and distillation are continued until the
total volume of the concentrate is about 200 L. Typical distillation times are 24 to 36
hours.
Method B

The combined fractions from column elution (~10,000 L) are re-circulated
20 through a nano-filtration apparatus under pressure. During the re-circulation
operation, a major portion of the acetonitrile, water and acetic acid are removed.
Other impurities are also removed, including calcium and magnesium salts. The
removed materials are dissolved in a process stream referred to as the “permeate”. The

n
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3-3b21. 414. 356. 5712. 112. 424. 331. 080. 65 2 8 AUG 2003
3-4a22. 3 %, g,g@ §212. 470. 004. 271. 070. 64

3- 4b22: 381 212. 472. 104. 271. 070. 64 PCT/US00/05494

3-5a22. 830. 952. 7512. 040. 004. 041. 010. 61

g_ gggjz_ ggg 34512 52%%%&8 é (5“2)%4 g, cgé%i?x%x%sgéged materials, is referred to as the “retentate™.
3- 6b21. 687. 7455 I'byrecirggdationgpergtiqn is pantigged potinthgvoluge FNNSrev@aB(d H26CHO
PCTI USOQ 05494 Table Il Sanpl e #ECBN ECBN ECBN ECBN

Yi el d( g) Pot % Yi 017

3 b1108595 08 ey o Gaib AR, salsBiodt ubio (e usfiBbRe i of e mpeniate o
3- 3a4. 3675. 93. 339yand wates26§0 hparg added 4Bihs regentites Lhe reteuBe mbQwd 536 2

3- 4b13. 2376. 810citdiedFhdugiathPnand-Hlira3ion 23Rk uRaIIRLD I & (B RA8R i

3- 6a8. 3873. 86, Liiahy oo @00l SRASAL IRk BHATR] 62,8 EXanDl € 2

illustrates the conv i an armrp ous anmoni um
salt to a variety of-éﬁ%ﬂ&'l ine salts. A quantity of ECBN ammoni um
acetate salt (5.0 g,EGBN4kysebeentyste sblulibfié prdfafid by@snddfidassh (MHHAB) 3R

m  Erl ennmeyes sgf &Wertcﬂﬁ)ht? A Kolutﬁ‘m§ gxleyérhcpﬁ& (ﬂgtllﬂ{? Wa(i)l g}O%%e}d 'Y ES pat er

~ was then added ‘g W t ances
(e.g., 10 inpur l{r?rggj)gmﬁﬁ }?Qu‘il‘ﬂﬁ matgripls shovybat thetypgand quppdities of
resul ting sl urrimpuaitiessirésentat lower od alsssl 1wearb¥fﬂte&dhnati51als$r@ﬁfadi by Method

quantity of seeg agwﬁ;taaéd&o u@mda«@h@&ms@%a&@ Meax%KA gla;g&l ghe
an

flask was pl ace bat h I ne
shaken for a ngl oacllto%r?m 755918 ayéat HB%W%\?HSE%‘%& N‘g‘éﬁ ]af’(eérafi%‘roﬁéff A 4/5
portion of the sighifieanfly grgtter inaencertstes pregarby by distillatior thhit comténtmtes The
i S(lzl a]'E ed wet CaKpraﬁfBbypﬁhé -filtia@H1e dr hkﬁvérﬁée@eéfé@atlﬁﬁ ﬁﬁﬂdn%n}%vel (rfoé digildgt
cake fraction & éagg/{_ﬂ tion J}$ ractlons
were stored in sea T v af oYbah i%drrmf/gefr /i’g’e“vk@ % th a
sol ution of acet'Gfist F?Sr@ai“ﬁ‘ iRIaty 1‘{"9‘5‘“53 ngrp- f@@r@rmnceaﬁmS)WaS‘B@éé frvesined
cake was dri ed &U%ardhgen0.42% npeoBLLre and pressure
20 Recovery of crystalline ECB Nucleus from ECB Nucleus concentrate
solutions prepared by nano-filtration are typically greater than recoveries from
concentrate solutions prepared by distillation. The average recovery of crystalline
ECB Nucleus from 8 distilled concentrate solutions was 25.6% (mean = 25.8%, range
= 4.0% to 47.6%). By contrast, the average recovery of crystalline ECB Nucleus from
25 18 nano-filtered concentrates was 60.6% (mean = 51.0%, range = 23.3% to 78.7%).
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for about 15 mnutes (sufficient tinme for the ACN odor to dissipate).
The free flowng 20 sem -dry wet cake powders were stored in 2gahgg 2003
vials. The isolated sem -dry cakes were analyzed for anions a

cations by ion chromatography. Potency and i ur|t| es (TRS wer e
determined by high performance |iquid chronat BGPAIFRENE PRECH At 8003
1l Crystalline Assay Sanp Salt Salt Salt

Pot (%9 TRS1( % KF2( % An( % Cat (%9 Noadegn@nA ) Conc. W %

1NaCl 23.614. 676.41.5717. 64.980. 78 2NaC 17. 711. 079. 90. 8317. 66. 700. 61
3Pot . 31. 923. 1@%&%@@&%&9 4312811k e 3

oCT] LS00 ooy matioblt Torkile # Snalii hiobhtiniciehs Yt B0 T8 iifed broth or
5NH4 SO4 2 Bartially mmﬁcﬂlprggeﬁsstz@nzswnwsmg in the following order the steps of:

an‘éaog é Q7 1 69%7"1%&% gg%?ﬂ TSI g)% an echinocandin nucleus or amorphous salt thereof,

8Na2S0426n GlHzhyBE8mpi4hd allsBIVZﬂIQ 76

9Na2S0426, 517. 878. 90, 5517. 25. 360. 56

10NaBr 100821, 9oRsefesting said 3olutign by meansrpfip nanofiltration process to form a

10. Osat d 8Q.8R:4817. 34. 500. 11 oxa 12Na 10. Osatd. 81. 80. 5417. 22. 120. 10
oxa Na 13isethi” 10.036.178.20.5814. 19. 100. 44 onate 14NaH2PO

19. 727. Oy . 28@lip/adetivatitring 586t dhichdelectively interacts with said aldehyde impurity;
(iv)  adjusting the pH of said concentrate to less than 4.0;
(v)  adding an acid or metal salt; and
(vi)  cooling said mncenﬁatc.

2. The method of Claim 1 further comprising a step (vii) adding a seed crystal to initiate
crystallization.

3. The method of Claim 1 wherein said echinocandin nucleus is ECBN represented by
the structure
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15NaH2PO 19. 727. 0%/ 3. 79%d.. 4894.8. 396. 59%.. 25% 4 _
16NaNO . 10. 030. 09%79. 19%9. 56%4.5. 6%7. 40%4. 03% 2 8 AUG 2083
17CaC1210. 025. 0%/5. 794. 0294.8. 69%®. 95%1. 55% The i sol ated wet cakes for
each sanple were exam ned m croscopically un acBRLRHage a5 Akt 09
showed birefringent behavior typical of crysta }l ne terials.” In

addi ti on, photom crographs displayed crystalline fornms. Al of the

i sol at ed4mat eThemnstho8 o ORIYAE 1. 63 Whtrel dald @givh@AnPaddneisisdiatisstient
with the presence of crystalline materials when analyzed by x-ray

powder ds4id ingegapisraciddRbpirogersiiorifico arsl midalgrly ds impwify itreprepented byl the y
of ECBN ?1% atrated via distillation (Method A) versus
nano-filtration (Method B). 10 Method A The conbined fractions from
colum elution (called "mainstream --10,000 L) are partially
transferred to a gi'stillation apparatus. The vol atile conponents,
including acetonftrile, acetic acid and ter are partially renoved
by distillatig { distillation
tenperatures are betpeen 4pC and|j[45C. Transfer of 15 the mai nstream
to the distillation di st [
the total vol uamof t
distillation tinmes are
fractions fromcolum €&l uti
t hrough a nano-filtration

ut 200 L. Typical

6 hours. hod B The conbi ned
(-10,800 L) Gre re-circulated 20
ppar atus under pressure. During the
re-circulation opera'gi 0 a major portion of the acetonitrile, water
and acetic acid are refnfovedNg Other inpurities are al so renoved,

i ncl udi ng cal ci um and nmagnesi Um salts. The refroved materials are

di ssolved in a process streamreferred to as the "perneate”. The 12 2
3 AU G 2003 00/ 52036 .PCT/ USO0/ 05494 concent ed rtion,

cont ai nithg retXimA O‘?Qrﬁf‘é?%{??er??ﬁaléﬁ@?‘?gﬁﬁtlﬁa %B‘Prgf”ésf entate".

The re-circulation operation is continued until the volune of the
retentatg i s PRGHEHEDES ClaimsSisuihcedih 64id §ortiohd ofibtal Sa¥iirOsdded bf diffeehtl
(to adjust the pH of the retentate to 5 3.0) and water (2600 L) are
added t oemperafgesent ate. The retentate mixture is re circul ated

t hrough the nano-filtration apparatus until the volune of the
retentatg is . : ' addnhi@t tJ tof9
nours. - Caser v SR o e e R
nano-fi | t r at i provi@ivgtatsobhtiBh cemprisid®ediindoatdie B mpokis oyamérphous shltithersnd
prepared b igtillation (Method A). HPLC chronatograns of the ECB
nucl eus M@Wé??W%%YWg type and quantities of inpurities
present are |&ﬂ€énuaﬁn0§&$&ﬂﬂuﬁdﬁ3}qa&n&bf&ﬁ&%ﬁ1mrwéﬂe§suarf@ﬂfxﬁed by
Method B as conpared to distill'ed materials prepared by Method A
For exampineentiafge chromat ograns show that inpurities associated with

thermal degradatlon are it

adjusting the pH of said concentrate to less than 4.0;

adding a chloride metal salt; and

cooling said concentrate.

8. The crystalline hydrochloride salt of Claim 7 wherein said chloride metal salt is
added in three portions which comprises a first portion which is added between about 22 and
28°C, a second portion which is added between about 20 and 15°C and a third portion which
is added between about 12 and 8°C. '
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15 significantly greater in concentrates prepared by distillation

than concentrates prepared by nano-filtration. The average .
degradation inpurity level in 8 distilled concentrates wasZé 846 2003
(mean = 7.9% range = 4.72%to 11.19% . Wereas,

degradation inpurity level in 18 nano-filtered c% C%Cﬁ?ﬁréggg%%m%%Ag_g%/goog.
(mean = 4 7% range = 0.42%to 8.95%. 20 Recovery of crystalline

ECB Nucl eu% f r obesrystalline bydsoehleridawalt a éllaislsﬂuitisaﬂférdlﬁ@ﬁdﬁ%@pgﬁﬁon contains
nano-filtrati i cal | reat t han recoveries from

concent r atlgégg Ire‘ﬁtﬂlE g%éMgirl g%%?%%l%ﬁé?aﬁqéﬁx Yeight assitherisaidspeqndope thistmrtiony

of crystalline ECB Nucleus from8 distilled concentrate sol utions

was 25. 6% (yean, = 25 8% range = 4.0%to 47.6% . By contrast, the
average r e overy SBFtalling sel farmref ectiposanding) suélewne@bseh&drtghe farmbRr ed
concentrates was 60.6% (npan = 5 1.0% range = 23.3%to 78.7%. 13 2

8 AUG 2003 Repl acenédtNpage, - WikyUss~ 20 (GPNHLMYA® 1. A nethod for
formng a crystalline echinocandin nucleus salt fromits m xed broth

or partially pihetein €B8-NHo desprestuted by theaRtiusd Ng i n the fol | owi ng
order the steps of Q providing a solution conprising an echi nocandin
nucl eus or anorphous salt theresmf, an al dehyde inpurity and a

solvent; ii concentrabi sg'»i-d_’ﬁol ution by nmeans of a nanofiltration
process to forma, conice ate; Y(iii adding a derivatizing agent

whi ch selectively“? erycts with-s4t d al dehyde inpurity; iv

adj usting the pH of id concent to less than 4.0; adding an acid
or netal salt; anduovi ooling gaid concentrate. 2. The nethod of
Claim1 further co isyng a sten (vi™ adding a seed crystal to
initiate crystalli ign. 3. Th thod of Caim1 wherein said

echi nocandi n nucl ets8 i s fSCBN ? esented by the structure HO 14 2 8
AU G 2003 Repl acenent=pRge ,25 Au t 2003 4. The nethod of Cains 1,
2 or 3 wherein saidioderi yat'ing] agent is sodiumbisulfite, said

i norganic acid is hy@roegen chj or waaNd sai d al dehyde inpurity is
uré: N2 OHO1l --,A NN H2

HO

A’ is chloride, bromide, jodide, dihydrogen phosphate, hydrogen sulfate, hydrogen
oxalate, hydrogen tartrate, benzoate, methanesulfonate, or p-toluenesulfonate;

M" is ammonium, lithium, sodium, potassium or tetraalkylammonium,

A?is sulfate, oxalate, hydrogen phosphate, tartrate or fumarate; and

pharmaceutically acceptable solvates or hydrates thereof,

11. A crystalline inner-salt form of an echinocandin nucleus represented by the formula

(CP-NH;"A)M'A) or (CP-NH;),AH(M?2A7?)

wherein CP-NH;" is represented by the structure
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5. The method of claim 1l wherein said netal salt is added in

portions. 6. The method of Clains 1 or 5 wherein said portionsy ngUG 2003
netal salt are added at different tenperatures. 7. A crystalline -
hydrochl ori de salt of echinocandin B nucl eus prepared by the steps

of . providing a solution conprising echi nocanBeplaBnmnt pages 28 August 2003
anor phous salt thereof, an aldehyde inpurity and a sol vent; :
concentrating said solutith by*means of a nanofiltration process to
forma concentratepe ai ng—sqQdi um bi sul fite; adjusting the pH of

sai d concentratg, to kesg X han adding a chloride nmetal salt; and

3. 0
cool ing said conCéx fe. 8. TR NFérystal | i ne hydrochl oride salt of
hl ori de salt is added in three portions

Claim7 wherein sai

whi ch conprises a firsk_porti whi ch is added between about 22 and
28C, a second porf on ich is gdd et ween about 20 and 15C and a
third portion whic g added tween about 12 and 8C. 15 2 8 AUG

2003 Repl acenment®page /25 AuGU 2003 9. The crystalline
hydrochl ori de salt el ai,ns 7 8 wherein said first portion
contains nearly tmice 3 Mﬂde nmetal salt by weight as

ei ther said second Br{hird|portidome 10. A crystalline salt form of
echi nocandin B sVeus eprésented by the fornula CP-NH3+A',

( CP- NH31) 2A- 2, CP- NH3+M ) A-2 wherein CP-NH3+ is represented by
the structure PQX'is chloride, brom de, iodide, dihydrogen
phosphat e, hy#irogen sul fate, hydrogen oxalate, hydrogen tartrate,
benzoat e, nethanesul fonate, orp-toluenesul fonate; Mt is amoni um
lithium sodium potassiumor tetraal kylammonium A-2 is sulfate,
oxal at e, hydrfodgechlgrides bremide, iodide, dittydragen phosphate diydeopdn sulfate, hydrogen
pharmaceuti cal l y acceptable solvates or..hydrates thereof. 11. A
crystal ﬁfog % iﬁ’(fé?geéjatf’%a?eo ?tealﬁet&’?ﬁsw&‘é?ﬁﬂ PW‘FR}E?”@ﬁ‘ggqnéﬁi esented by
the fornul a MG ahrRorAih it soditEPpduRith2dr kM ZAn@bniWET €i N
CP-NH3+ is repy esent edxgl\; the structure 16 2 8 AUG 2003 Repl acenent
page 25 Augudt BgbHateyoxalats, Bydmges phesphas; tarirafe or fusatirales, di hydr ogen
phosphate, h S| ?ﬁ&n avdrogen oxal ate, hydrogen tartrate,
benzoate, net a?lesuil or?ferl e, %gr?%gto uenesul fonate; M is anmoni um

li thi um sodipbammapeitizaly accepiable ablvaiat bnhyairatestherevf, A2~ is sul fate,
oxal at e, hydrogen phosphate, tartrate or fumarate; M2 is cal cium or
magnesi um and pharmaceutically acceptabl e sol vates or hydrates

t hereof . 17
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