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AUG 2003 WO 00/ 52036 PCT/ USOQ' 054841 OF THE INVENTION
The present invention relates to a process for formation and anion-exchange of
5  crystalline salts of an echinocandin nucleus, in particular, salts of an Echinocandin B
nucleus.
BACKGROUND OF THE INVENTION
Echinocandin cyclopeptides are natural antifungal products. Included in the
Echinocandin cyclopeptide family 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.

1
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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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etc.), or nulti arometid roigty ntpy 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 pharmacological characteristics of the compound or adversely
interfere with the use of the medicament. Suitable substituents for any of the groups
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30  liquid chromatography (RP-LC) has been used in the past with reasonable success;
however, the need for higher purity compounds demands even more improved
methods of purification.

Products isolated from a mixed broth solution or a fermentation process are
generally prefiltered to remove particulates. Prefiltration may be accomplished by
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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Preferred %Br omat ngnaagﬁl{ugn {Sebtﬂne?géat dn%puthes r‘h?e fermentation broth for Echinocandin

B contains varying levels of a tripeptide-aldehyde (Asn-Gin-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 form the corresponding deacylated tripeptide-aldehyde (Ib).
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use of reverse-phase media with an acidic elution scheme. Preferaigl xu5 2003
an el Uemwo%%io@:%]”i ng acetic acid. For exanple, the material ma¥ be
purified using the 10 chromat ographi c nethod described PATVKFUWEPP4 et
al. filed Decenmber 9, 1998 entitled "Purification of Echinocandin
Cycl opeptide Conpounds.” The purification nethod includes adsorbing
the m xture onto a Wydrophobic, reversed phase chromatographic nedia
and eluting with continuous nearly lineaf acetic acid gradi ent
ranging from Oot % agetic acid te 10. 0% acettc acid by volune in
water, preferably fro 0.5%|15 (pHE=E5.5) [to 4.0% (pH=2.5) acetic acid.
‘To crystallize the, , ' bm the nixed broth or
col |l ected parti;/i/ons fromthejchromat ographi c process are first
concentrated. Conventionally, “the selution was concentrated by neans
of an evaporative nethod (efg., distillation). However, Applicants
have di scovered that a nanodfiltration system provides a nore 20
efficient and higher qualTty ncentrate. The ocess involves a 200
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deacyl at ed tri pegfiably rahaletyciodifi®)priodh the MER@RH F20361EEOBN N Y N' H
ROI HO 28 AUG %99 %peﬁﬂlaWeC&?%%hua%y%e Imodiﬁe:d in the ECBN concentrate
by reacting the aldehyde with a derivatizing agent prior to crystallization. The
derivatizing agent selectively interacts with the aldehyde thus decreasing or
eliminating any interaction between the aldehyde and the ECBN. “Derivatizing
agent” refers to a reagent capable of interacting (i.e., reaction or complexation) with
20 the aldehyde functionality of the tripeptide by-product to produce an intermediate that
is sufficiently different in hydrophobicity to allow separation of the tripeptide
intermediate from the desired ECBN salt. For example, the solubility of the aldehyde
is increased such that the ECBN salt selectively crystallizes from solution leaving the
aldehyde in solution. Suitable derivatizing agents include sodium bisulfite, hydrazine,
25  hydroxyl amine 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.




where Ris C(O CH CH(OH) CO9H19 (la - fernentation 3ybproﬁuct) or az§ AUG 2003
hydr ogen acyl ation by-product froma m xe roth).
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cont ai ning the ﬁlﬁﬁlht’yaﬂmg@'n@ﬁbfﬂt?&nbﬁ’%ges?x“ﬁidg%ﬁ denk xhgg %%gg%]f vy €

porti ons. 175, pRPRrbHErEER o aeriRan e i EPiRcan bR o
Portion wi se adsthant-Qsivbeddingtap a@lé at meﬂal salt krgeferally INalCl)garaivit fcoplinpabs S .
Typically, the iixgt tifitible OfstaliBhtdh B the EABNYsalt WA GEed difital of ECBN salt may
optionally be added to help initiate crystallization. Preferably, the sodium chloride is
added in three portions (the first portion 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
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amount of the second or third portion. Preferably, the netal sal2 8i&UG 2003
added i n eohdkeis at different tenperatures. For exanple. the first
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R e T o e e
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as easier isol ati onlo#illtbe@nderstood 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




cycl opeptide fromthe nixed fernentation broth and/or process 28 AUG 2003
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- r i S,an organi c.solvent an e .
subscripts a 25 rani b T e)rt;)fX g%‘g%ter% f“\}‘g 'e?g‘?c &l ‘Sﬁéﬁwasﬁﬁ‘i“ﬁ‘%ﬁo@ ACN
sol vat e sol vent ¥ sle highly réigingdegemiponentst Kahoin, flost tatgland édterta wagdeigtnesre

acetonitrile, t n-sol vat e n
sol vated forns %a{})ag%%g% %ﬁg g@r‘@ﬁg"r”; 6%%{1 %p‘gfos;wéeg@rsrfﬂs%,m ¥ H%rgcu?arg' useful
crystal line for fAr feaptisEngde dser&in-Lewpd irinehédecaldritiydd comporient.

crystalli zgg@ gn. EVETFA hieugh A V@daST“PCQB,i S Ritckoh daﬁﬁhri(@% RQS%rl'% Res dsBET €
may exi st i t iona o ase crystallin

Sy uetur es wi t hiiaaeyy PAERade RIS oRAheaploh TER AT SR s Becorigheq
be under st ood b¥SRIHEEAACT gEdientriHe 1@poverRamintes, fodlbwedrrrotmmmash
as illustrativef W¥anfdlesn fowl rdtd) admpetadies, a6y Gdi@pe Plab éléng8i@Reihy Barsedst S

can be purifiedgRkne REQHME EFieHSdRG bk ocedures described bel ow.
Al'l referenges citgéﬂh%rei %gfaereeg% he?oeo% incorlgorat ed herein by

ref er ence. MPLES Materials used i 4%/ Peacedifpsng preparations are
avai | abl e- from Al dr i Mdvo@etivrcabees{:M | waukee, W sconsin) unl ess

desi gnat ed ot herw seg food LW :
G e B Vg bip 3 et VA S LI i
trifluoroaceticlSONE T yaercRatalning <57 and 5% acetonitrile, to a nanofiltration
system equipped with 600 ft* of Millipore Nanomax 50 membranes. The
30  nanofiltration system is operated at 600 psig, 15°C, and a recirculation flowrate of ~
50-200 lpm. The solution is concentrated to ~ 300 liters over 1-3 hours. The pH is
adjusted with conc. HCl to between 2.7 and 3.0. The system is diafiltered with ~1000
liters of water (i.e., wash with water, while keeping the total volume roughly constant
at 300 liters, e.g., add the water at the same rate that the filtrate flows through the
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.




rel ated substances (i.e., inpurities) Analytical characterizatio@ ®RAUG 2053

sanpl es: Jbheosdsd 1ty and quantity of ECBN filtrate sanp
- evaluated using the 5 follow ng anal ytical nethods. Phg‘g@H%é&M :

system A ZorboxTM SB C 18, 3.5 micron particle colum (0.46 cmID
x 15 cm), was el ut edEg gpﬂa 1. 0% phosphoric aci d/ ACN nobi | e phase at
a flow rate of 1.5 ...The colum was operated at 30C and the

ef fl uent nonitored af*@mpleg iHpstrates e crystaligation pegessiandiha teuplexatidoACN
and after sanpl eipeptideatdebyle iap@itiasineitondtrstangi ng from 5 to 61. 0% ACN
over 9 mnutes was u After eluytiqn,  the col um was
washed with 50% ACN ?g&i‘é lﬂ?fghg%lsgy Eh%e?%deaﬁgﬁoﬁ%g&%g\ﬁ‘ﬁl(gﬁea‘f%?mme
Phosphat e/ Cc an%‘g‘ﬂffoflé‘i‘?ﬁbvaﬂeﬁlscPr?‘éSW“g9§ﬁ}@hﬁd beer rangfiteredmsing theigendralr t o

the phosphate systesicitiedssed vabevighed\stO T BB RELG iRt NG
or |

nmobi | e phase co i P 9 QS| c acid,, The colum

is equi Fi br at ed%n\n%fra\&ig?? %g\l\ql 1}\{%&@@%@2& s@gfgufeeshfrgg}l?%ﬁ gbetsg(g?m

el ution of ECBNPFUIgHR féﬁ% vetetr aflicases.hegthef tnresylanagiohgon wanadiuBted ¢

28% ACN over 9 #lAtwith drigireiscaldition ofvadilidsiution 1@t i) df hERIehRER aciti O

el ute hi ghl yor etaineesutiaEpRRGRHS: sofd@bh Was £dags Eﬁéu?at{a’h‘;‘aﬂﬁggft i .
ure S BOE™ This

wavel ength were_ . as _aboye .while the colum tenpera (
systemis parti %hlﬂ?r‘ladre Iaﬁgtfi’g g?’\f,}/lqre wag ptirped uRtl tggﬂl‘ﬁﬁhﬂdﬂésﬂgﬁ- EheresudtingH
tripeptide- al detpjdien dappenséered to20l OVEA jalstederystalidy, ¢aagpdd Grith& mehdnical
m cron col um (&irh D6 tbstierdd soafon Waetided 9&‘1x$dlﬁ1a§tﬁ§ @'ﬁcry Tine B Gcieus
phase cont ai ned 9 | uti on was acconplis el Jusing a
| i near ACN gr ad?eg%%yso{%ﬂ-g@? %ﬂo&’e&sﬁﬁlgﬁeeﬁisﬁﬂwa strgidiab el fonA periedefum
wash of 5088 CHrHMS horBwArsstaad auastipyeaf sedivre chiandt whstaddddoTheepdrang oh
V\G/gr et IhePs amsdatsxe stircd stulg wab adj pltalt 16 177 Hhe Medesests Q@x‘% 8@:@%‘6@1 abtgé 2
neral Procedu Aar ss; .Char iters _q
resin eluate collrilcﬁgsi' Fiiﬁﬁmgfglﬂluﬁéé %drtrlg}? %ffg%&)‘@% Cﬁré) nghwﬁﬁﬁffd' EF%‘&’E}P%‘&TGP& the
wat er cont ai ni nﬁ‘"—eég)buﬁg ggf{’d]%@p&) Hh andthg eentents were btaredtfer aout 24 hours.
nanofiltrati on TheystubimeeojidspiredtheiBOB ¥Mlub tryst@ifinddihy, PRfasdNagoax 50
menbr anes. Jhe 3@ Lidd Mokl : | ed at, 600 psi 15C,
2 wlRARfatidd. Ik C%aﬁ%ﬂ? %lgtgef%%l)rgﬁﬁg IR \Vﬁﬁ?dov\r/]xﬁ\ o aque%’us

and a recircul at'?.n fésmf/ivratc?1 of @'3) e So

concentrated t o O3goRofuhlonidg @pout 18 nloldrveet. Ya)ead plled dry. i arysteld
with conc. HO Vverelkawedéndi2 iiva 2596 réhati¥e hifthiditg yisiden, beergliiaf Thé 8618@d Wi t h
1000 liters ofpro@icBiwerd wlghed WRAG s a5 YU i he, t ot al
vol unme roughly ?: 1@z§tts‘3{Ftt at 300 inlj%yg? E),rﬁgt%gy,ésg%%@fg%ﬂée@glteggv%fe t he
same rate that The BT PRFEYITBRS IPhAusg Istiisiensiryiaghr ane) . Aft er
washi ng, the sol uti d@bled concentrated to a final volume of 100 to

150 it er s|[doRR0- 388 TTHELES THbS: TS hagh—takgi—eirecthydht-o %?@*
crystal | i Zlbngne Stoep. O|HArAUGdd. 3 \ﬁ}‘m 2c§§sg§i§@§§§3g§gg4N “
Exanpl e | BExanpl e (kte) | Ystrat e§ the crysta |2§Hé)ngpro easTARNNpRa (9
conpl exati pn of (9)
3-1a 21.18 7.3 55.23 |11.70 0.00 {4.23 [1.06 0.63
3-1b 21.18 7.3 55.23 [11.70 1.70 {4.23 |1.06 0.63
3-1a 23.85 7.9 52.01 [12.40 0.00 |3.99 [1.00 0.60
3-2b 23.85 [7.9 52.01 [12.40 1.83 [3.99 [1.00 0.60
3-3a 21.4 14.3 56.57 12.11 0.00 [4.33 [1.08 0.65
3-3b 21.4  [14.3 56.57 [12.11 2.42 4.33 [1.08 0.65
3-4a 22.38 |11.5 55.72 |12.47 0.00 14.27 ]1.07 0.64
3-4b 22.38 |11.5 55.72 |12.47 2.10 {4.27 [1.07 0.64
3-5a 22.83 0.9 52.75 |12.04 0.00 |4.04 [1.01 0.61
3-5b 22.83 0.9 52.75 112.04 1.28 {4.04 |1.01 0.61
3-6a 21.68 |7.74 55.24 [11.98 0.00 {3.89 ]0.97 0.58
3-6b 21.68 [7.74 55.24 ]11.98 1.28 [3.89 [0.97 0.58
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tripeptide-al dehyde inpurities in a concentrate. AI sanpl ef of an ags@iis 2003
char act ery ueous ECB Nucl eus Concentrate 5 solution from various
product i (%&F‘%tzgﬂt hat had been nanofiltered using the ge‘?férr’%oo’osﬁ?%c_ess
descri bed above was wei ghed. (see Table | for subsequent treatnents).

In sone. cases,; gloqif' um bisulfite was added and the m xture stirred

until the sodi uf—bi sul fate had di ssolved. In all cases, the pH of

the resul tingr3otttipA-sas—adueted—to—3-2-2-0 with dropwise
‘addi ti on of asol u?e¥ QL & : E@B?‘]c gmd.t_l? Tof
t he resul ti ngppH—adiaostes R waS——ad st —a—Cal quantity o
sodi um chl or = zand t" B Eoas—st 3592«11 i ds {had
di ssol ved. ThE—Bsuti e 22 orutidasu red {'@-8 100 ni
j acketed cr ys.?—ll‘ai Zef ngg"?’pped 4‘$7h amechatical B0-Orer  Tg the
stirred sol ut 3%.,:2.;7 e é;hg o fi 92/§d4qllaﬂf i 130 -0 cryust8-Ti ne ECB

3UI a\l\lolo A\ ] Lo, LI | Tt L - ¥ - [
Nucl eus seed c_.:3'{;stal "lgéz" FER MIﬂe resul %s&ed ggl drry vwasg _
stirred at 25 o 555?9 of 2 about—24-4r Src Agﬂéand_.quantlty
of sodi um chl a;r—i—%e—was §ﬂ“§d. T7 - en‘perat]I g2t  t188-Stirred|sl urry

. -4 20 o .]-1 #Z‘n P Ev‘\ o wara ]e 'ilr6r aod f Pl'éh()ul 24

was adj ust ed LT T ARG TR EOREERES WeHE s tsH-e6—
hours. Finall thi‘.'% ARty -6t —sodi-ui-c-ord deﬁﬁa%_added. The

) 4 3.fn| 1 y75'8\nnr\ i rcganrl t o BEE h
t enper at ur e ofzthe—strfigt—sturEywas—adjtsted—to Cand—the

3-64 S 1B, 3% b At 73ﬂ8|ﬂ ':;& st Ra -sol id f
contents wer ezsgirred T s @abottm2d—heurs—Fhe rew7.2. Hg—solds, from
t he ECB Nucl eus—crystatHtrre—stdry—were Hat-ed—by-—28—vacun

o]

filtration. The cryEBtaaipld ne wet cake product was washed with an

aqueous sokution o oride (about. 10 m, 1 . 9% and

pﬁl led dry. gThe cr ys’fagﬁsé éjﬁv%%:t%keéltqeoc\?\%‘%w%l °JP9WW§°“?%&%°&%%

humi di ty chamb@M™MOBEYS3ft fhit varittyef prygipitipestlts.pr oduct s were wei ghed and
assayed for potencyAasamieCeREBN ifimdiilihQcdidte WNGS 6 o, s9udh GaLRS, 41934

- | Bl rving. 25 Table.l nc.. nc
o 1Y, 8 e SR 08 T 0 i Ty
9% (wt 0) At (g) Mar}?rb»&sft}?epédded (Table IIf where "TRS is the total related substances (e.g.,

10  impurities); and ’KF is the Karl Fisher Assay). The resulting slurry was stirred to
dissolve the solids. A small quantity of seed crystals were added and the flask was
sealed. The flask was placed in an orbital shaker bath maintained at -25°C and shaken
for a period of 5 days upon which a precipitate formed. A 4/5 portion of the
precipitate was isolated by vacuum filtration. The isolated wet cake was partitioned

15  into two fractions: (A) a wet cake fraction; and (B) a semi-dry fraction. The wet cake
fractions were stored in sealed vials.

The semi-dry fraction was washed with a solution of acetonitrile in water (95:5
by volume, 2 ml). The washed cake was dried at ambient temperature and pressure
for about 15 minutes (sufficient time for the ACN odor to dissipate). The free flowing

20  semi-dry wet cake powders were stored in sealed vials.

The isolated semi-dry cakes were analyzed for anions and cations by ion
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

11



g)NaCl (g)Nad (g) (g) 3-1a21.187.355.2311.700.004.231. 60. 63 28 ALG uod
3.1 b21. 1 11, 701. 704. 231. 06. 0. 63
3-12a23: sg‘;v.og’g 8812, 400. 003. 991. 000. 60 PCT/US00/05494

3-2b23.857.952. 0112. 401. 833. 991. 000. 60
3-3a24--444.-356.-5712.110 004 331 _08Q_K%K

3-3bd1 414 S8 57412 112 )24 331 080 65
3- 4ad% 3811° %55, 71242 %470] 6643271, 0#6-84 | 105 17.0 4.92 10.75
3-4b22-38H%EE 210 4721104 271 470 64
3- 5ad2-830L UE3OPdiZP 40 bdA- a1 oldis] | 1.05 16.2 [8.69 [1.07
3- 5haP 836 UESOve i day 548 841 0] 7a]  10.88 17.2_ [5.90 |0.48
3- 68.4:7 587. '_gjd 2 '.4980 2 37890, ‘h7{§'.§8 0.66 17.7 7.59 0.52
3- 6bat—687 2ED 20 S0g, 11498 000 478 25 110 3% A K1 o003 \Nb-(Al 506
PCTI U LSPGO SV ACHEeS: &) ) | Oc3N ECpAN/-2  [5.36 [0.56
Yi el d a"cr.y,(,}*iﬁﬁl d(’;ZJT/;-l ete{94-232| aQ A1 76l MmsE 219.36 [ 0.78
3- 1b11 937 "8q72 -8 3 135093848 798280, 0 P 2b1BL 175, 4106880, O L1
3- 32436758531 T oo 3b i #35444473985-8,3-1a23, 7045 210. 78862
3- 4b13. 2376 810, 16515 3] BALS. 7476¢°30° 728p° 7. 5013’ 117580 184dP 5
3- 6ag 387D I8 ER 3-6b3E 55756766723 "%% le—p % EX&n?kﬁBZ'Jhﬂ4
i1l ugtrates; ddgisgonver si pn o? an anor phous BN ac% dt e ni
salt {to a vaHdtety of crystalline galts.

14 NaH,PO | 19.7 27.0% 74.2% 0.67% 17.5% 7.25% 11.25%

4
15 NaH.PO }19.7 27.0% 73.7% 1.48% 18.3% 6.59% | 1.25%
4
16 NaNO- 10.0 30.0% 79.1% 0.56% 15.6% 7.40% [ 1.03%
17 CaCl: 10.0 25.0% 75.7% 1.02% 18.6% 5.95% | 1.55%

The isolated wet cakes for each sample were examined microscopically under
polarized light and showed birefringent behavior typical of crystalline materials. In
addition, photomicrographs displayed 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

12



A quantity of ECBN ammoni um acetate salt (5.0 g, 88.4% potency, 42156%5 2003
TRS) was ?f AGRs3é Nto a 50 nl Erlenneyer screw top flask, A sol ution

of an acid salt in water was then added (Table |11 whePETURHRE549 | he

total related substances (e.g., 10 inpurities); and 2KF is the Karl

Fi sher Assay). The.r. lting slurr S stirred to,  djssolve the

solids. A small C%“E%nﬁ%?eﬁ 7ouP g’scgréld"f %f?@g‘f@m : ﬁdﬂF@HEdlafﬂas thf grefentaisi.

was seal ed. Thé&h§regiRulpiion oppraiéands Fantiaredombl thayvoluheakdshe tethtate is about 500

mai nt ai ned at -R5C and shaken for a period of 5 days upon which a

precipitate formed. i f Lh reci ated by
vacuum filtration, T@gﬁ{ng%lﬁﬁdg&% h&’éﬁ?ghk\)/\rlgcsac}cﬁla(

Fi tdatse wgﬁ gﬁ‘lol ;
G4t e bt P5F FESAGS
fractions: () aYWnd waige&260P bhe e gdded smite ragntate. Shairetehtate mixawe isger. The
¥\Bt cake fract tiematadeheugtithe x&tﬂoiﬂitrﬁie?h;gﬂraviis%hﬁl-the;r%rﬁ@&ithéi‘ébér(ngtg is5
racti on was wa it t&on. of. opitrile in water ;

by vol une, 2 m?&ggﬁwlﬁggﬁgﬁg%%k%ﬂ\%gg”ﬁgﬁ a?utgr%\“%nt tenperature
and pressure for a inutes (sufficient time for the ACN odor
to dissipate). The fEGRNhtlawicompeRtatsiitiony yrepabid by Rk -PRMEET (MRE B) are
stored in segl egfeke dhality ian SSRGS QPQQ(EB'Q]%MM& ey A), appLyzed for
anions and cati qﬁg bégrl on tghﬁ&gﬁt %g %1 ot ency and I'npurities
(TRS) were det ePHPHEGEDT ?ﬁ = 8P gfreials shagtithef thaanandayrmisesof
(HPLC). Tabl e | inpugtigssireseitiaredovigrsm ybsBetrip nisel filtefsd Infatefalstprepared by Method

Pot (% TRS1( % KF i %
e

3Pot . 31. 923, 164??1@%%%’?‘1 _ Ufiesyasgpe ith. theymedegrgfialiog gt
PCT/ USOQ 05494 ggrificanthy greator3n gqrieerg@iees 91ep@8d iy digil@Aéh dn axneentrates

gmm ggig ??g éﬁzpa?%d ) mkho-AfrafSil . 'Elh% average degradation impurity level in 8 distilled
L onss. 430, 778 %%%Zsﬁ?) % yGHE2T.9%, range = 4.72% to 11.1%). Whereas, the

8Na2S0426. 517. 894sragp degradationgimpyrity Jgyel in 18 nano-filtered concentrates was 3.2% (mean =
4.7%, range = 0.42% to 8.95%).

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%).

TV
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9Na2S0426. 517. 878. 90. 5517. 25. 360. 56
10NaBr 10. 021. 476. 90. 7815. 39. 360. 78 11Amm 4G 2003
10. 0sat d. 80, 80. 4817, 34, 500. 11 oxa 12Na 10. Osat d. 81, 80. 5417, 222 PAVG £
oxa Na 13isethi 10.036.178.20.5814.19. 100. 44 gnate 14NaH2PQ

19. 727. 09%974. 29%). 67%4.7. 5%. 25%. 25% 4 15NaH2PO Keplacement page 25 August 2003
19. 727. 09%73. 7%.. 489%48. 3%6. 59%. 25% 4

16NaNO . 10. 030. 0979. 1%0). 56%15. 69 4RHICHANI

17CaC1210. 025. 0%/5. 794. 0294.8. 69%®. 95%1. 55% The i sol ated wet cakes for
each saml e War@elhy@rrTeshiik & CASEARICRhInY e ' | 1.9bt, and
showed birefringent behavi g% t?%i cal of crysta qc}e%gk%{atré@?tgl%lgaﬁfo{h or
addi t i onpagyaly bwazadaypenshsraamssompasing iy Sedbllowieg bofemthe sidpk oftf t he

i sol at ed quat ef ] distinct diffractio atterns consi stent

w tht ne G eoblsakding 2 IRt i dR e Rinp LRl E P, BeroBy S eat proot

powder did idelgtde dinpriRRY a solex@pl € 3 Exanpl e 3 conpares the quality

of ECBN cqoncentrated via distillation (Method A) versus

nano- f i | {Hat | eRRCENERLRG g solution R mears of ampaofibiptipmprocessde firmres fr om

col um elit-Lop.cal l ed "mainstreant --10,000 L) are partially

transferred to a distillation apparatus. The vol atile conponents,

i ncl udi n@ii) aceldmg 4 dérivatiziag egent whivhdelzotivalpintsracs @ith3aidiablchyddigpaMed

by distil.l atig{’] at &‘g{g&%egﬁgressure. O:Eypi cal distillation

t enper at Y¥bs HPEUHEIRGERH, © congeniente tofesyiband Ot 15 t he mai nstream

to the digti | ddfidgOmh RRPG AbSaRNghadi stillation are continued until

the total volunme of the concentrate is about 200 L. Typical

di stil | afvion ¢oohng said eorx4ntraie.36 hours. Method B The conbi ned

fractions fromcolum elution (-10,000 L) are re-circulated 20

ﬁ gr gluggu .a??gghef &L&B@Bf Eldirf R AR ‘éﬁmﬂﬂ?xﬁé a%{eg?%x ra%ding%rsleggcrty? to initiate
crystallization.

3. The method of Claim 1 wherein said echinocandin nucleus is ECBN represented by
the structure

H i

E;NH,
HO, HN cH,
H °:2~§
N
H
OH
¢]

<L

HO
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operation, a major portion of the acetonitrile, water and acetic acid
are renoved. COther inpurities are also renoved, including c2Bciun 2683
and magnesium salts. The renoved materials are dissolved in a
process streamreferred to as the "perneate". A2028080%\O
00/ 52036 PCT/ US00/ 05494 concentrated porti on,Re %ﬁ?‘;’?"ﬁﬁ’ﬁgﬁ ?gt aigned
materials, is referred to as the "retentate". The re-circulation
operation i s ThdinkMho@df Chlithé 1 106r Vahereh id ddRatigheRicat B sb&umlilfe00
L. Sodiumchloride (10 kgr), hydrochloric acid (to adjust the pH of

t he ret effichinergagic asidis hydramen Geride, pbenid alylehyde impardly is kyprepented by the
retentatgmcﬁgg. retentate mxture is re circulated through the
nano-filtration apparatus until the volunme of the retentate is about
200 L. Typical nano-filtration tinmes are about 9 hours. Cbservations
ECB Nucl eus concerfiate sol uti ons prepared; by nano-filtration (Method
B) are 10 of betfer quality than solutiong prepared by distillation
(Method A). HE. omat ogranms of the E eus materials show that
the type and quantitfies of| inpufjities |present are | ower or absent in
nano-filtered mater] as conpared to
distilled nmateruats pr . YFor exanple, the

chromat ograns show t hatj|i npurities dssocidfed with thernal
degradation are 15 sigrific |y grEater i%h concentrates prepared by
distillation than concentrptes prepared by nano-filtration. The
average degradation i npuri |l evel in 8 distilled concentrates was
6.5% (nmean = 7.9% rarrge ol2%to 11.1% . Wereas, the average
degradation inpurity level in’18 nano-filtered concentrates was 3.2%
(mean = 4.7% range = 0.42%to 8.95%. 20 Recovery of crystalline

ECB Nucl eus fjg.om |.eu oncentrate al ufj Qns_pr.epared by

nano- f i If'r ati ‘3?%‘?4 ’9\%‘5%‘51 EVEEFMI“ tﬁlaﬁ?f%ﬁ F‘?B‘gmf)ﬁsom
concentrate solutions prepared by distillation. The average recovery
of cryst@l | i Nepe H&BodNbLtRINSs Tor 3 Wikrélh Sdit IpoRibns 6N wenl said e sdded bi diffSrent
was 25.6% (nean = 25.8% range = 4.0%to 47.6% . By contrast, the
aver age e@pe@BYSEs. of crystalline ECB Nucl eus from 25 18 nano-filtered
concentrates was 60.6% (nmean = 5 1.0% range = 23.3%to 78.7%. 13 2
8 AUG 2093 Re SRRt ) : SL;N;;M f 37
form ngog cr y'&sgltcglé I ne B (B:'ﬁigﬁlggg% In nh%ﬁg%g’d}é?t rorﬁr?%agearm‘ggggso(?’h
or parti al | yrpvdingiasdlution cersprisitg echirecemdip Bisiclegs pmamdrphdusishlothersgf,

order the of rovi ding, a solution conprising an echi nocandin
nucl eus %ﬁﬁga‘bm’gﬁg% af“r%e?‘ of, an aldehyde inpurity and a

sol vent; concentrating said solution by means of a nanofiliration process to form a

concentrate;
adding sodium bisulfite;
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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i1 concentrating said solution by nmeans of a nanofiltration process

to forma concentrate; (iii adding a derivatizing agent wh%ch .
selectively interacts with said al dehyde inpurity; iv adju tg ﬁébtﬁ&}
pH of said concentrate to |less than 4.0; adding g lg{%&']g I

salt; and vi cooling said concentrate. 2. The ms%ﬁo oflp@gg?%ﬁ‘%ugusuom
further co _risng a step (vii) adding a s:eed crystal to initiate
crystal | i zat i on-AeELystEnedydyochlerideialfiofiClaiim §roe Brwinadial sA6 k0 864 'cBntains

nucl eus i . e.structure HO 14 2 8 AU G 200
Repl acerrezl%éggg‘g{ cggg ﬁﬁgﬁé@g’ﬁ%@e ?S Yeehis eshercpig segontd, or shint padtion.

wherein said derivatizing agent is sodiumbisulfite, said inorganic
acid is hydrogen chloride, and said al dehyde inpurity is represented
by the struct Lﬁtp grys © sgit forey of echinpcanginNB nitlgusirefiresehited byah femaf,
claiml1l wherein said neta] salt is added in portions. 6. The nethod
of daims 1 or 5 whéFeNH: b (CHDH:DoAS i CRNE MM T are added at
different tenperatures. 7. A crystalline hydrochloride salt of

echi nocandi n BWheeieGB-NH e iaraptesbyted betietsepsuaf . providing a

sol ution conprising echinocandin B nucl eus or anorphous salt thereof,
an al dehyde inpurity ‘and a#sol vent; concentrating said solution by
means of a nanofiltrabi pr ss to forma concentrate; adding
sodi um bisulfite; adjg t heYpH of said concentrate to | ess than

4.0; adding a ch*orgdeYnet al sat™* and cool i ng said concentrate. 8.
The crystalline hydr

oride sa f daim7 wherein said chloride
metal salt is added in\three poftions which conprises a first

portion which is added Petween akout 2 and 28C, a second portion
whi ch i s added bet n gbout 20 And\15C and a third portion which is
added between aboutc 12 o4

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

16



15 2 8 AUG 2003 Repl acenent page 25 August 2003 9. The crystalline
hydrochloride salt of Claims 7 or 8 wherein said first portiom g Aue 203
contains nearly twice as nuch chloride netal salt by weight as -
either said second or third portion. 10. A crystalline salt form of
echi nocandi n B nucl eus represented by the fornReplacddienpieeA25 August 2003
(CP-NH31) 2A-2, or (CP-NH3+M )A-2 wherein CP-NH3+ is represented by
the structure HO X is chl®id¢® brom de, iodide, dihydrogen

phosphat e, hydrogenssuR ¢—Rydrogen oxal ate, hydrogen tartrate,
benzoat e, net hangsul xonA or p-t ol uenesul fonate; M- is amoni um
l'ithium sodium ™ pg gi um or & F?aalkylannnniunl A-2 is sulfate,

oxal at e, hydrogen phagphat e, ate or fumarate; and

ta
pharmaceutical ly accepiable s ates or hydrates thereof. 11. A
crystalline inner-salt/form of R’n_ecfti nocandi n nucl eus represented by
the formula (CP-NH3FA(MA) or/( - NH3+) 2A 2) (M 2A 2) wherein
CP- NH3+ i s represghted By the rucfure 16 2 8 AUG 2003 Repl acenent
page 25 August 2003°HE&A- S C i de, brom de, iodide, dihydrogen
phosphat e, hydrogen sul }at drdgen oxal ate, hydrogen tartrate,
benzoat e, nethanesukfofate, |[or p+totuenesul fonate; M is ammoni um
lithium sodiu gt asSium Sr tetraal kyl ammonium A2~ is sul fate,
oxal at e, hydr o hosphate, tartrate or funarate; M2 is cal cium or
magnesi unm and g # maceut i cal | y acceptabl e sol vates or hydrates

t hereof. 17 ¥

®

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

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

A is sulfate, oxalate, hydrogeg phosphate, tartrate or fumarate;

M* is calcium or magnesium; and

pharmaceutically aéceptable solvates or hydrates thereof.
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