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z o\ (54) Title: PROCESSES FOR PREPARING CRYSTALLINE AND AMORPHOUS MUPIRGCIN CALCIUM 

~3 (57) Abstract: Processes are provided for preparing mupimcin calcium dihydrate Tom pseudomonic acid in a two phase system 
CI. by using an organic carboxylate. A highly pure composition of amorphous mupirocin calcium is provided, and processes for its 
g preparation by solvent remaval, lyophilization and precipitation with use of anti-solvent. Pharmaceutical compositions of amor- 

0 
phous form, and methods of using them to treat infectiuns are also provided. Also provided are combined.pmcesses for preparing 
mupirocin clacium dihydrate and amorphous, by producing amorphous form first, followed by conversion of amorphous form into 
the dihydrate through crystallization from an aqneoua sclution. Also provided are processes for removing the waterofcrystal&ration 
of the dihydrate to obtain mupirocin calcium a&y&ate. 
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-XELATED CROSS- FE APPLI CATIoys 

This application claims the benefit of the following U.S. Provisional Applications: 
No. 60/344,11’7, filed December 28,ZOOl; No, 60/344,1.13, file&Deeember 28,2OQl; 
No. 60/348,142, filed January l’l,2002; No. 601348,183, Hed Jauuary 11,2X12; 
No. 601360,721, filed March 1,‘2002; and NO. 60/368,735, f&l March 29,2002. 

pseudomonk acid A. Partieukrly, the present invention relates to processes .for preparing 

crystahine and amorphous forms of rnupirocin c&%un. 

BACKGROUND OF THE JNVEHITON 
Pseudomonic acid A is an sntibiotic that has a growth inhibiting effect;mairdy 

against Gram positive baeteria (e.g. Staphylococcus aureus, StreptowcLlcuspyogenes, 

Streptococcus pneumoniae, KlebsielJa pneumoniae) and some-Gram Xnegativebacteria <e.g. 
Haemophz’lus influenzae, Neisscrpia gonorrhoeae) [A. W@I, D.-M.Caknpoili-R&ha&s* 
Drugs 32,425~444 (1986)] and its minim@ inhibiting concentration~is in the range of6.02- 
0.5 mg&m3. Pseudomonic acid A, by inhibiting the koieu&.e-@NA synjhase enzyme, 
af%ects the peptide synthesis of pa@ogen bacteria [J. F&&es land G. Mellows, Biochem, J. 
191,209-219 (1980)]. Au advantageous feature of this antibiutic is that it has very low 
toxicity both for humans and animals and it is negative in the Ames test. Pseudomonio 
acid A is presently used in human ,thesapy, in various formulations, for the tre$rneut tif 
skin infections (e,g. impetigo, pyoderma), nose and external ear h&eetions, acne, burns, 
eezema$ psoriasis, in case of ulceration for treatment ofseeondaty hrfeetions, and for 
prevention of hospital i&&ions. 

The chemical structare of pseudomonic acid A i3 9-(4[5Sf2S,3S+po~-5S- 

hydroxy-4S-methylhexyl)-3R,4R- dihydroxy-tetrahydropyrau-2S-yl]-3-methylbut-2(E)- 
enoyloxyjnonauoic acid [E. 9.. C&in and G. Mekws, J. C. S. Chem, &mm. 847-848 
(1974); R. G. Alexander, J. P. Czayton, K. Luk, N.H. Rogers, TJ. King9 J.C,S Perkin I. 
561-565 (1978)], as depioted by formula (I): 
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It is known that Pseudamonusjhwescw is ableto produce thegseudomonic acid 
A. According to the British Patent No. 1,395,907, the P~a&rncwz~~wrtssceas N.ClB 
10586 strain is able to biosynthesize the pseudomosic acid complex consisting of 
pseudomonic acid A and its isomer being a double bond in the@ .pasition.he&veen the 
carbon atoms C, and C, and pseudomonicsoid B, The ratio of the components is 
4.5~4.5~1. According to the 3apanese patent application No. S2-‘7(K#3, however, the 
Pw4domonasJ Y-l 1633 strain is able to biosynthesize the pseudomonic acid 
complex consisting of the pseudomonic acid A, .pseudomonic acid I3 and~@rther two 
components with miktlown Structures in the qtio of 9:O.s:O.S. 

Mupirocin calcium, an antibiotic dorived from psendomonic tid is cunxntly 
marketed in the United States ,as Baotrobane. Bz@roban@ is recommended for treatment of 
secondarily infected tramnatic skin lesions caused by strains of &$&~~ococnrs a~eus and 
5’trepducoccus pyogenes. Bactrobane’ is sold as a topical cream or a-nasal ointment and has 
a calcium salt strength of 2% equivalent base. Accord& to the maker of Bactrobm@, 
mupirocin calcium could be administered orally at 500 mg, and intraveno~nsiy at 250 mg 
without any major side eft’ects. 

Mupirocin calcium is especially effective against gram-positive bacteria, but may 
also be used against gram negative bacte& It inhibits bacterial pro&& synthesis by 
irreversibly binding to bacteriai isoleucyl transferX8JA stithetase. 

The calcium salt of pseudomonic acid (“mupirocin calcium’~~has~been disclosed in 
various patents. U.K.. Pat. Nos. 1,57’7,545 and 1,577,734 incorporated~herein by reference, 
disclose the use of mupirocin c&mm in the treatment of diseases. The ‘545 patent is 
directed to the treatment and prevention of tie dysentery with ,the oa&ium salt of 
mupirocin. The ‘730 patent is direoted to t$e use of the e&&m, salt of mupirooin to treat 
respiratory, venereal and myeoplssma-induced diseases in non&un~ mammals. The 
disclosure focuses on the ef&acyof mupirocih as a drug rather than its preparation. 
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U.S. Pat. No. 4,879,287 is directed to a pharmaceuticakomposition of mupirocin 
calcium for topical admkistration comprising hydrated ~zystahine calqium salt, and a 
corticosteroid. The ‘287 patent discloses various formulations for cqMal&re mupirocin 
calcium and is incorporated herein by reference. 

U.S. Pat. Nos. 5,596,672;5,436,266; 5,191,093 and 4,916,155~(3ak~et al.), all 
within the same family, disclose a crystalline calcium salt of mupirocin, and claim its 
composition, method of preparation and administration, AJl these patents ere incorporated 
herein by reference. The ‘672 patent is directed to a method of trek&g baotexial infektions 
with crystalline mupirocm caloium or a hydrate thereof, The ‘266 patent ,is directed to a 
hydrate of crystalline mupirocin cakinm. ‘The ‘ 155 patent is directed to anhydrous 
crystalline mupirocin calcium. ?T‘he ‘093 patent is directed to a proqss for preparing 
crystalline mupirocin calcium or a-hydrate thereofby ‘kaactingpseudomonata ions with 
calcium ions in solution in an aqueous solvent, recovering a crystalhne &Mum 
pseudomonate hydrate from the solution and theretier optionally removing water of 
crystallization.” 

The Baker et al. patentsdisqlose preparing smorphous form of mupkocin cakium 
by crystallization from an aqueous -solution consisting of 50% methanoI folkwed by 
trituration with dry ether. Amorphous mupirocin calcium obtained in the patents exhibits a 
relatively low mehiug point of 70-76°C a relatively ,low assay of 89;9% (expressed- as a 
percentage of pure free pseudom~nic acid) and rapid detioration at high temperaturea 
(chart in Columns 8 and 9 of the ‘093 andreiatedpatents). The Baker et al. patents 
disclose that “the readily isolable amorphous form ofthis.sah has beerrfoundto be __ ^ __ 
sparingly water soluble material+ having a low melt&g point and poor thermal stability.” 
(Column 1, Lines 31-33). 

U.S. Pat. No. 4,639,534, jncorporated herein by ref&ence, disclosesuse of a 
lithium sah as an intermediate in isolating pseudomonkaeid from a broth. The ‘534 
patent extracts the broth to obtain mupirocin lithium and, hydr&yzes the salt to obtain 
pseudomonic acid. 

A need exists in theart to prepare mupirocmcal&m dihydrate with new processes. 
Processes which eliminate the useof a co-solvent are particulariyprt$‘kqed inthat removal 
of a co-solvent is a tedious step and may lead to deterioration of the product. A need also 
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exists in the art for a process tir preparing a more pure and stable form of amorphous 
mupirocin calcium. 

s 3 
In one aspect, the present invention provides aprocess for preparing crystalline 

mupirocin calcium hydrate OK an anhydmte thereof~singthe stqs of prep&g a 
solution of pseudomonk acid ina water-immiscible solvent, combining the solution with a 
solution or a suspension of a calcium C, to C,, organic carboxylate in ‘+ro ~~~XNIS solvent, 
to form an aqueous and a non-aqueous phase, w&jein mupirocin oak&m d&&&e 
precipitates from the aqueous phase, separating theprsoipitat.~.and ~pt$on$ly converting 

the &hydrate to the auhydrate. Preferably, the ~$UN~S suspension or solution is water tie 
of a co-solvent or a mixture of water and a CI ,to a Ci alc&~A Prefmed,oxg&c 
carboxylates are acetate, propanoate and hexanoate; with al&l ‘substituted he~anoa$es such 
as 2-ethyl-hexanoate being more preferred. 

In another aspect, the present invention provides a process for preparing crystalline 
mupirocin calcium hydrate or a,anhydrate therqof comprising the steps of adding 

- pseudomonic acid and a calcium C, to CQ organic carboxylate to an queous solvent to 
form a solution, wherein a C, to C,,r%anic carboxylic acid fom, removing the 
carboxylic acid, separating mupirocin calcium dihydrate as a precipitatp from the aqueous 
solvent and optionally convertingl$e dihydrak to the.anhydrate. Preferalsljr, the solvent is 
a mixture of water and a C,&J a C, alcohol whose water oonknt is iqzeased befkre the 
crystalliition step. Preferably, the kboxylic acid is removed by extra&i+. 

In another aspect, the present invention provides a process for preparing cqstalline 

mupirocin calGnn dihydrate or +n a&ydrate thereof comprising the stq~~s of adding 
pseudomonic acid and calcium &de to water fkee of a co-solvent to _foma a solution, 
wherein mupirocin calcium dihydrate precipitates &om the aohttion, separating the 
mupirocin calcium dihydrate and optionally converting the dihydrate90 the anhydra& 

In another aspect, the present invention provides aprocess for preparing amorphous 
mupirocin calcium comprising the steps of adding pseudomonk acid, a base and a source 
of calcium ions to a ,C1 to a C, alcohol’to form a s&tion and ,removkg the alcohol. 
Prefkably, the alcohol is substantially anhydrous, more pref&bly ha& less than about 1% 
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(volhol) water content and is selected from the ,gxoup consisting of me&an01 and eth&oL 
Preferably, the alcohol is removed by evaporation. 

In another aspect, the present invention provides a process for preparing amorphous 
mupirocin calcium comprising the steps of,adding pseudomonic a&J a base and a source 
of calcium ions to a C, to a C4 alcohol to farm a solution, combining the sohztion withan . 
anti-solvent to precipitate amorphous mupirocin calcium and separating the-precipitate. 
Preferably, the alcohol has less.than about 1% (vol/vol),water content ani3 is ethanol or 
methanol. The anti-solvent is preferably an ester and an ether, such as rnethyM+butyl’ 
ether, diisopropylcther and i-butyl-acetate. Preftibly, the sohnionis added to the at&i- 
solvent. 

In another aspect, the present invention providesa process fbrprepsringamorphous 
mupirocin calcium comprising the steps of addingpseudomonic acid, a base aud asource 
of calcium ions to a solvent selected tim the group consMing of water, a C!* to,a C, 
alcohol and mixtures thereof to f&n a,solution and lyophilizmg the solution. ‘Prefernibly 
the alcohol is methanol. 

Iu another aspect, the present invention provides a process for preparing crystalline 
mupirocin oalcmm dihydrate or an anhydrate thereof~comprismg thesteps of dissolving 
pseudomonic acid in a water&miscible solvent to form a solution, combining the sohttion 
with a solution or suspension of a base and a source of calciumions in au aqueous solveut, 
to form an aqueous and a non-aqueous phase, whereiu mupirocin c&&m dihydrate 
precipitates Tom the aqueous phase, separating the.dihy&ate and optionally converting the 
dihydrate to the suhydrate. Preferably the water-immiscible sclventis select&i&om the 
group consisting of esters and ketones, such as isobuty! acetate and isobutyl methyl ketone. 

In another aspect, the pre&nt invention provides a process for preparing+m.orphous 
mupirocin calcium comprising the steps of reacting pseudomon@e itins and calcium ions 
in solution iu a C1 to a C4 alcohol and evaporating the alcohol. 

In another aspect, the present invention provides a process f$r preparing ,amor$hous 
mupirociu calcium comprising the steps of reacting pseudomonateions audca&3m ions 
in solution in a C1 to a CT., alcohok .~adding the solution,to an ester or an ether as an anti- 
solvent to precipitate amorphous mupirocin calcium and s&p&at&g the precipitate. 
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Iu another aspect, the present invention provides, a process for preparing amorphous 
mupirocin calcium comprising the steps of rea&ing pseudomor&e $om and cak$um ions 
in solution in water or a mixture of water and a C1 to a C, alcohol and:lyophiiiztig the 
solLltioxL 

In another aspect, the present invention provides a process for preparing crystalline 
mupiroGin calcium d&y&ate or an anhydrate thereof comprising the,&eps of providing 
pseudomonic acid and a c&km C, to C, or@c carboxylate, exckmging acidic proton of 
the pseudomonic acid with the calcium ion of the C, to qorganic c+zboxylat& recovering 
the mupirocm calcium dihydrate and optionally convert&g ,the d&y&&e to the anhydrate. 

The processes for preparing amorphous a@ dihydrate mupirooin q&km canbe 
combined, by G.rst preparing amorphous farm ,and then obtaining tha d&&rate fkom 
amorphous form. Thedihydrate can optionally be de~okakd, ifde&ed, to obtak the 
anhydrate form. 

The present invention provides pharmaceu&d comppsitions ofamcqbous 
mupirocin calcium and methods of their use in prevent& or treating Sections. 

;$g BRIEF DEW 
. Figure 1 is a Powder X-ray DifEaction (“PXRD”),pattem oft&e product of 

Example 6. 
Figure 2 is a PXlUI pattern of the product of Example 9, 
Figure 3 is a PXRD pattern of the product,of Example 10. 
Figure 4 is a PXRD pattern of the product of Example 15. 
Figure 5 is a PXRD p@tem of the product,ofBxample 16. 
Figure 6 is a PXRD .pat+n of amorphous mupimcin cakiuq. 
Figure 7 is a DifYerential Scanning ‘CaSorimetry(‘PSc”) thermogram of 

amorphous mupirocin cakium. 
Figure 8 is a Fourier Tran$form Wared (‘+FTIR”),spectnun af amorphous 

mupirocin c&km. 
Figure 9 is the thermal stability data of amorphom mupkocin calcium prepared by 

the process of the prior art. 
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Figure 10 is the thermal stabihty data of amorpho~‘mupiroohi calcium prepared by 
the process of the prior art. 

Figure I1 is au illustration of the various impurities, of mupirooin and hoxv they are 
referred to in the present invention and .in the European~Pharmacopeeia (“Ep”‘). 

DETATLEDDBSC~~ONOF Tl3WlYVBmOx 
The term “pseudomonatep refers to the ion obtained by removmg a.hydrugen fkom 

the csrboxylic acid group of pseudomonkacid. Pseudomonate cahkm is syuonymous 
with mupirocin calcium. 

As used herein, the term ‘Co-solvent” refers to a second solvent used. -iu 
combination with a fjrst solvent iu such amour&s: to provide desirabb sokbili@ properties. 
Impurities and traces of a solvent are not co-solvents. Hence, water See of co-solvent can 
include small amounts~of other solvents. 

As used herein; the term %ssay’) refers to a &&m&ration of p&y/preseuce of a 
quantity of a substance as described by the Europeau Phmacop”oeia (‘%I?“)., EUROP&DI 
PHARMACOPOEIA, Fourth Edition, pp 1602-1604, Council of Europe,. Strasbourg, 2001. 
The assay is done with high pressure liqu@ chromatography (‘c”). 

Baker et al. expresses its assay in relation to psuedomoniu acid. The assay of the 
present invention is expressed differently, as illustrated by Table-l. 
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Table I- Co&w&on of the assay dWosedin Baker et d. 

“expressed as a:peruentage ofpure free pseudqmonic acid. 
**expressed as a percatage of mupirocin cal&rrn d&y&ate. 
***expressed 8s a perceqtage of mupirocin calcium a&ydrow. 

In connection with amorphous mupirocin‘caloium, the assay of the present 
invention cm be converted into the assay expressed as in Baker et ~2. by rn&ipIyk~gn%th a 
factor of 0.9637. This 89.9% assay of Baker et al. corresp‘onds to a 93.29% assay as 
calculated by the method of the present invention. 

In connection with mq$rocin calcium d&ydrate, t&91.1% assay of.Baker et al. 
corresponds to a 98.88% assay as ex@essed.by the present kention. 

As used herein, the term “total impurity” refm to lhe SU.W o.Ml atteas under the 
peaks of impurities as described by the ~opear@&armacopoeia. It is determined by 
snother HPLC method and is di@erent than fhe assay. 

The following hypothetic $i.Mher explains the reWon&ip between the assay and 
the impurities. For example, lets assume one is protided aq a&& pkmaoeutical 
ingredient with 99% chemical purity (+l.% impurity). After final drying, 3% water content 
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(RF) is measured. Assay aualysis should give 96%. This is “assgy,as is”. TAba one 
calculates with the water iuside to get assay to dry (or simply ‘aSsay”& which should give 
99%. 

The present invention provides f&r a highly purified amorpho+ form of mupirocin 
calcium. The amorphous character and purity &the material. we have produCet-l is 
confirmed by a powder &ray difBa&ion pattern~obtaiued~ &om a sample thereof, which is 
provided as Fig. 6, The p&em is without intense focused refkctions. 

Amorphous mupirocin calcium prepared by the preseqt iixvent$x~ is also 
characterized by a DSC thermogram depicted in figure 7. The DSC thRnaogcam does not 
show any discernible endothenns or exotherms. The E’T3R sp+&um Fig. 8) ,exhibits the 
same peaks as those of amor@hous mupirocin in tie p&r art. 

The present invention provides amorphous mtlpirocin calcium with a meIt$ngpoint 
of about 76°C to about SS”C, more prefkrably of.about 8s $I! to abont439”C. The hi& 
melting point of amorphous muptiocin calcium co&Inn@he high p@ity of the pro&. 

The present inveritiorr prqvides for amorphous mupirocin c&imn with tigh 
thermal stability. ThermaI stability is defined as the ability to resist ~6hemicxd degradatiq 
during storage, especially in light .of the con&tions durkg stooge. The h&hex ptity and 
melting points of amorphous mnpirocin cakium makes it less susceptible to chemical 
degradation during storage. 

As demonstrated in Tab& 2, after 2 months of sto&& at about 25°C and at about 2- 
8”C, the amorphous mupirocincalcium has an assayuf *ut 96% as determined’bythe 
,method of the present invention. Additionally;the total impurity content is al-kost 
unchanged at about 3% after 2 months. 

Table-2a-Thermal stability of 1 ‘Kg batch of amorphous mu@ree$~ eal&ti prepared by the process 
of Example 17. 

(months at 25°C) 
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Table Zb-Thermal stability of 1 Kg batch of amorphous mupirocin caMtim prepared by the process 
of Example 17. 

Table %c-Thermal stability of 187.2 grams batch of amorphons mupiroei~~ cah$mn prepared by the 
process of ExampIe 17. 

Storage Period Description 
Con& (Month) 

Assay Water 

I I 

fmpwtiee (HPliC) 
0 of4 
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Table ad-Thermal stability of B7.2 grams batch of amorphowmupfroch calcium prepared by t&e 
process of Example 17. 

The thermal stability of amorphous mupi~?~in csiciumprepared by the process of 
Baker et al. shows a more rapid deterioration. Figures 9 and 1O~demonstrate that the total 
level of impurities of amorphous~mupirocin cslcium is more than about 3.5% (not assay) 
after two months of storage with the method of Baker et d., whereas mupirocin calcium 
amorphous prepared according to the method of the present invention has a total level of 
impurity level of less than about 3.5% (not assay) and more preferably less~than about 
3.3% a&r at least two months~of~storage at 25’C. The amorphous mupiro& calcium of 
the present invention is particularly stable in regard to an impurity labtiled MUP II 
(Referred to as impurity E in the European Phamacopoia (El?), vvhere storage at 25 “C 
RH 60% for at least two months results in a level of the irqpurity ofWT about l%, rnwe 
preferably less than about 0,8%, whereas amorphous mupirocin~caloium produced by the 
art reaches a level .of more than 1% after storage far one month. , 

As illustrated in Figure 11, the impuritk of the present isverSion correspond to the 
EP in the following matter: IMP A of EP is B of.the present invention; I3 :of I$? is C; C of 
EP is D; D of EP is I (one); E of EP is II (two); and% of EP is E of the.present invention. 

The present invention provides a process for preparing amorl@ous mupirooin 
calcium comprising the steps of adding pseudomork acid, a base, ada source of calcium 
ions to a C, to a C, alcohol to form a solutior& and removing the alcohol. To.prepare the 
solution, pseudomonk acid is dissolved in a CI to a C4 alcohol, withmethanol and ethanol 
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being preferred. Preferably, the alcohol used is substantially anhydzoua. The alcohols 
used preferably contain less than about 2% water, more prefwably 1ess.tha.u about 1% 
water (volhrol). 

A&r preparing a solution of pseudomonic acid in the alwho& a base is added to 
the solution, resulting in pseudomonate ions. Bases such as sodiun$or potassium 
hydroxide can be used to neutralize the acid. Since neutralization of an acid with a base is 
well known in the art, one of.skill in the art would apprecSethatother alternatives can be 
used. 

The amount and concentration of the base used need not be exact. It is the amount 
which is sufficient to neutrlilize a substantial part of the pseudomom~ aci-d. One ofsl~% in 
the art can appreciate that different amounts of base usedcanbe determined in a routine 
fashion, and variations in the amount of base used may not change the results. 

To obtain amorphousmupirocin calcium, a sonrce of calcium ions is added to the 
solvent. The present invention only requires the additionof cakium ions, .aJld it is not as 
relevant what ion the cakium fan be compkxed with as long as the other ion does not 
interfere with the result. 51 one embodiment, the present invention waes a oalcmm salt of a 
halogen, such as calcium chloride. The base and source .of caicium ions can be a-single 
chemical species, e.g., calcium oxide or two different chemical species. The term “a base 
and source of calcium ions” encompasses use of a single chemical species. 

After the addition of,aU the necessary ing&knts, thesolution canbe stirred. The 
solution can be stirred fi-orn about 30 minutes to about two hours. Stirzing ofien influences 

the quality and quantity af the crystals, which one of skill in the art can appreciate. 
Depending on the base and calcium ions used, a separation s$ep canbe used to 

remove impurities such as salts formed as a result of the presence of exoess iuns in the 
solution. ‘In one embodiment potassium hydroxideand calcium chloride are used as a base 
and a source of calcium ions. After addition of potassimr+ hydroxide and cak~um chkide, 
the unused potassium and chloride ions form a salt that oan be separated. Preferably, ,a 
filter is used to separate the formed potassium chloride. 

The solvent is then removed fkoxn the soMo~ Most prefEeraJsZy the solvent is 
removed by evaporation. Various techniques well known in the art can be used to 
evaporate the solvent. For example, the solvent can be evaporated under ambient or 
reduced pressure, depending upon the volatility of the solvent. In a another embodiment, 



WO 031065975 
13 

PCTrnSQ2/35585 

the solution can be heated to accelerate the evaporation- With high v&tile solvents such 
as methanol, the additional heating step may not be necessary. The salvent can also be 
evaporated with a rotary evaporator at ambient or reduced pressure. 

After removal of the solvent the residue can be,optionaUy dried to reduoe the 
amount of residual solvent. Drying oau be done-wording to procedures weti knownin the 
art. The residue can be dried at ambient or redukl pressure. It oanoptionally be heated to 
accelerate the drying process, though it should not-be fieated beyond:the tieltmg point of 
amorphous mupirocin calcium. Preferably, the product is heated fksnabout 30°‘C~toabout 
5O*C, most preferably no more than about 45°C. A ~acunrn oven I.@OSEI in the art oan be 
used. 

In another embodiment, amorphous mupirot9.n calkun is prepared by a process 
comprising the steps of adding pseudomonic acid, a base and a sonree,of calcium Jw to a 
Cl to a C, alcohol to form a solution, combiniug an-anti-solvent with the soeon to 
precipitate amorphous mupirocti-calcium and separating the prwip$tate. As used herein, 
the term ?ukolvent” has its ordinary meaning in the art and -refersto a liq,tid &at is 
added to a solvent to reduce the solubility of a compou$d, suoh as a salt, in that solver& 
resulting in precipitation of the salt. Mupirocin ca&ium has low so@b$hQ- for the anti- 
solvent, causing the salt to piecipitate. The solution can be prepared by cotibining 
methanolic solutions of pseudomonic acid; a base such aapotassiwli hydroxide; and a 
source of calcium ions, such as cticium ohkzide. The resulting solution can then be 
filtered to remove impurities, as described above. Prefmd solvents are C, to C, alcohols, 
particularly methanol. The alcohols used preferably have .a water content of less thau 
about 2%, more preferably less. than .&out 1%. 

The anti-solvent is then combined with the solution, preferably by adding the 
solution to the anti-solverk The anti~solvent is preferably an ether, wherein each radical of 
the ether is selected fkom a C!, to a C, group. Exampleaofsuoh ethers are d&isopropyl- 
ether or methyl-t-butyl-ether. In anotherembodiment, the anti~sohwkis an ester, 
preferably a-C, to a C, ester, such as i-bu@.kcetate. 

The anti-solvent is preferably vigorously stirred at a temper&we of fhm ebout 
minus20aC to about positive 25*C, preferably fkom about minus 15°C to about 0°C. 
Preferably, the solution isadded slowly to the anti-s&e& such as dmpwise; The term 
combining encompasses such dropsvise addition. The resulting n&r&we can be stirred for 
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about 4 to 24 hours. A precipitate forms which can be~separated bytechniques well known 
in the art. The precipitate can be dried in a ffuidizedbed dryer or in a vaounm oven at a 
temperature of about 35°C. As one of skill in she,& casr appreciate;other temperatures 
and conditions osn also be used to dry the precipitate. 

In an alternative embodiment, amorphous mupic#ncaGnn is prepared by a 
process comprising -the steps of adding pseudomonio acid, a base and g soume of cakium 
ions to a ,solvent selected Tom the group cronsisting ofwater,. a Cr to a C!, &ohol and 
mixtures thereof to form a solution and lyophilking the.solution. The amorphous -form is 
lyophilized or freeze dried out of the soltion, entirely skipping any crys~on or 
isolation step such as complete solvent removal or .additionof an anti-solvent. 

For lyophilization, in one embodiment, the solvent used isat l&st about 50% 
aqueous. The aqueous solvent ispreferably water or ,a mixture ofwater and:a C, to a C, 
alcohol. An exactamount for each component of the mixture@ notrequiredm the present 
invention. Rather, the mixture should have enough water to be aqueous in character. In 
one embodiment the ratio of the water/solvent~r.nixture is about 1: 1 to 12 (voVvol]. In 
auother emb.odiment, it is about 3: I to 4: 1 water/solvent. Higher water to sokent r&x are 
generally prefm&. The alcohol is prefmbly a C, to a C!, alcohol and,most prefbrably 
methanoI. Theoretioally, amorphous mupiroein calcium can be 1yophSized &om just 
alcohol, but&is process is avoided because of its health risks. 

The solution may be modifiedto obtain a solution having water as a solvent, f&e of 
a co-solvent. This modification involves removal of solvents other thzm water, prefembly 
by evaporation. Organic solvents such as alcohols, espet$alIy methanol, o&en have much 
higher volatility thau water. This higher volatility makes it possibkto selectively 
evaporate the organic solvent, under either ambient or reduced pressure. Preferably> the 
pressure is reduced. 

The solution may optionally be heated to accelerate the prooess, though it is 
unnecessary when using high volatile solvents such, as metbauof. The temperature should 
not be raised beyond the melting point of the amorphous calcmm mupiroein or induce any 
chemical reactions. 

To substantiaily evaporate the alcohol, some water is probab& alsolost iu the 
process. Even though water has a lower volatility, it nevertheless evaporates at a stt.ffMe.nt 
rate to cause loss of water. The lost water may be rephuxd, and optionally additional water 
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may be added before freeze drying the solution to obtain the optima3 v~hxme for 
lyophilization. 

The solution is lyophilized according to procedures well known in ,the art. 
Lyophilization is a stabilizing process in which a substanceis$rst f~~en and then&e 
quantity of the solvent (generally water).is reduced, Grst by sub&nation (referred to as the 
primsry drying process) and then desorption (known as the sekondary drying pro~ss)to 
values that will ~no longer suppo$ chemical re@,ons. 

One of shill in the art would appreciate that many faotors%r&ence the effikncy of 
lyophilization and by changing these factors, the obtained sample ~ybe maed. These 
factors include: surface area of sample, eutectic temperature, vacuwn;c~denser 
temperature, thickness ofthe sample, solute concentration and hrstrurnent %tors. 

Amorphous form produced by the above process, su&as by solvent removal, 
lyophilization or by use of anti-solvent, can be bed to dbt& rnq&och ealehundihydmte. 
Since the amorphous form 4s already a calckm salt, a n-on step and the addition 
of a calcium source is unnecessary. The process can simplyrbe oar&&out inone step, by 
dissolving amorphous form to form .an aqueous solution and cry&m the d&Irate 
fkm the aqueous solution. For example, amorphouamupiroohreakium prepared-by the 
above process can be dissolved in an ethanol/water mixture; Niowed by removad-of the 
ethanol, and crystallization fkom water to recover the dihydrate. 

More specifkally, amorphous mupirocin calchrm can be d&okd &I wa@ to 
prepare a solution. The temperature can be reduced to about 5 O C to accelerate 
crystallization. After about a few days, the crystals~areseparate~, The:d&ydratecan be 
separated-by techniques well known in the-art, such as .fWra~on. Ai%er separation the 
dihydrate can be washed with water. Prefaably, the dihydrateis subsequently dried. To 
dry, a temperature of about 25°C to ahut 50°C can be used for’s suk&knt amount -of 
time. 

In snother embodiment forpreparing the dihydrate &om am~housform, 
amorphous mupirocin calcium is: dissolved in a water-misci~ble so&ent. Prefkably, a C, to 
a C, alcohol, such,as methanol and ethanol is used. Afkrpreparing a solution ina lower 
alcohol, the sohrtion is preferably muted with titer. The water content ,can be increased 
by removing the co-solvent, suofi ‘as by evaporation. Prefaably, the dihydrate is recovered 
by crystallizing out of a solution containing water free of,a co-solvent. 
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In another aspect, the present invention provides a-process for preparing mupirociu 
calcium dihydrate comprising the steps of adding pseudomonic aoid, and oaI&m oxi& to 
water free of a co-solvent to form a sohrtion, wherein mnpirocm cak&nu dihydrate 
precipitates from the solution, separating the:mupiroCm calcium d&ydrate and optionally 
converting the dihydrate to the,anhydrate. Pseudomonic acid oan basuspended in water. 
Calcium oxide can then be added to the suspension, followed by stirring and filtering. A 
co-solvent removal step is not necessary because a co-solvent is not used. T&e mixture can 
be cooled to about 5 “C and allowed to crystallize. The crystals c+n be separ&ed by 
techniques well known in the art, Au air circulating ovenat room temperature can be used 
to dry the crystals, 

In another aspeot, the present invention provides a process for preparing orystalhue 
mupirocin calcium dihydrate or an anhydrate thereof ~omprising~thesteps of preparing a 
solution of pseudomonic acid in a water-immiscible solvent, comb&ing the solution vvith a 
solution or suspension of a cal&m C, to Cl2 organic carboxylate in ,,sn~aqueous solvent, to 
form an aqueous and a non-aqueous phase, wherein mupirocin oalcim dihydrate 
precipitates from the aqueous phase, separating the precipitate and. optionally converting 
the dihydrate to -the anhydmte. 

Pseudomonic acid is fjrst dissolved in a solvent that is immiscible in water. A 
water immiscible solvent refers to a solvent that can form a two phase system when 
combined with an aqueous solvent. One of skillin ,the art can appreciate that many such 
solvents exist, and that the preferred solvent can varydepending on the water,content-of .’ 
the aqueous solvent. Preferred w,aterimmiscible solvents are those d&h pseudomonic 
acid csn dissolve in to form a solution. Preferably, pseudomonic ac%d is dissolv& in a 
ketone (preferably C, to C,) such as t-butyl methyl ketone, an ether (prefaabfy water 
immiscible ethers with each radical being C1, to C.J such as m&&i- &bnt$ ether9 or an ester 
(preferably water imm.iscibleC3-C, esters) such as &by1 acetate. The solve&can be,heated 
to completely dissolve the pseudomonic ,tid; Preferably, the solventis heated of about 
40°C to about 50°C. 

After dissolution, an aqueous suspension or solution containing the caloium salt of 
an organic carboxylic acid, i.e., c&&m carboxylate, is combined v&h the~sohttion. The 
process results in an exchange of the acidic proton~ofpseudomonic acid for the oalcium 
ion of the calcium carboxylate. In one embodiment, the solvent, of the aqueons suspension 
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or solution is water fke of a co-solvent. 
The term “orgauic caxboxylic acid” is we&@ewn in the srt, andthe term 

catboxylate refers to its charged4on where the acidic protonhas-be removed. Fatty acids 
are examples of organic carboxyhc acids. The orgauic csrboxyli~ acid used are branched 
and straight C, to C,, carboxylic acids, with acetic, propionic snd hexauoic acids being 
preferred, and hexanoic acid being more preferred. More preferably, the carboxyhc acid is 
au a&dated hexanoic acid such as 2-ethyl-hexsrroic acid. 

The.present invention eucompasses embodiments where a calcium source and an 
organic carboxylate are added separately or when ,the ionsof the organic: c&&m 
carboxylate have either partially ur completely dissociated from each other befare 
preparation of the 6nal reaction mixture. The term calcium ca;rbo,xylate encompasses these 
embodiment. 

After combining the two liquids, a two ph;ase system is created. Preferably~ the two 
phase system is stirred for a few @ours to about -half a day,.fohowed by separation of the 
two phases. The ‘non-aqueous phase can be removed. The aqueous phase containing 
mupirocin calcium can be extracted with.add#ional water-ecible solvents to remove 
any excess organic carboxylic acid. 

Mupirocin cakium dihydrate is then cryst@ized out of the aqueous phase. The 
aqueous phase can be diluted with water before crystallization for optimal crystakation. 
The resulting aqueous layer csn be cooler? to about 5 “C to;accelerate crystallization. A&W 
crystallization, the dihydrate can be separated ,by techniques well-known in the art, such as 
filtration. After filtration, the d&y&ate can optionally be washed. The dihydrate csn 
optioually be dried under reduced pressure at~shghtlyelevated temperatures of about WC 
to remove residual solvents. 

In another embodiment, the present’ invention provides a procew for preparing 
crystalline mupirocm calcium dihydrate or au auhydrste thereof comprising the steps of 
adding pseudomonk acid and a cahkun C, to c,, orgs$c ckboxylate to an aqueous 
solvent to form a solution, wherein a C, to CI, orgsuic carboxyhe acid forms, ,removing the 
carboxylic acid, separating mupirociu calcium dihydrate as a precipitate from the sok&. 
and optionally converting the d&&ate to the at&y&ate. 

In one embodiment, pseudomonic acid is dissolved in an aqueous solvent, such as a 
methanol/water mixture, and is combined with another aqueous solution containing the 
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calcimn carboxylate. Most preferably, the carboxylate is calciunz2~thy~-hexanoak. 
Other co-solvents, such as metstan01, can be removed, prefersrbly by~evaporation, to obtak 
a solution having water as a solvent, free of a co;solvent. MO,& preferably; only a traoe oE 
other solvents remains. 

After contact, 2-ethyl-hexanoic acid forms. A water4mmis~~~ solvent, such as an 
ester (ethyl acetate), ether or ketone can be used to extract the acid, obtaining a two phase 
system. The aqueous phase is separated, prefmbly concentraed by evaporation”& 
allowed to crystallize. After one or two days of ealltion at &;out room .temperature; 
the crystals are separat@ preferably by fi’&ationl After separatjon, the crystals can 
optionally be washed with water. The crystals areprefebly dried at a temperature of 
from about 25 ‘C to about !WC, prefdly q more thora 45 “C. 

In another embodiment, of the two phase systems the present k~entiun provides a 
process for preparing crystalline mnpirocin c&iu.n~ hydrate or an at$@rate.thereof 
comprising the steps of dissolving pseudomonk -acid in a water-immiscible solvent to form 
a solution, combining the solution with a solution or suspension of a base and a source af 
calcium ions in an aqueous solvent, to form an aqueous and a non-a&eous phase, wherein 
the dihydrate precipitates from the aqueous phase, aeparakrg the ,&hydrate and optionally 
converting the dihydrate to the anhydrate. Suitable water namiscible s&vents are “those as 
described above. Prefer&y the soivent of the aqueous solutionis water f&e of a co- 
solvent, to whi&a base and a &+rce of cak%m ions such as calcium&de %aabeen 
added. After mixing, a Wo phase system forms. The aqueous layer.is.separs&d. 
Mupirocin calcimn dihydrate csn,then be crysm outof the aqueouslayer as des&&ed 
above, such as by cooling to about 5°C and allowing for orystal&zat@u, 

In another aspect, the present inventionprovides for desolvatig the, dihydrate to 
obtain crystalhne snhydrous nnzpirocin calcium (“anhydrste form”), The term ?ihydrate” 
refers to a solvate of water in which two water molecu&s (%vater afcrysklliztion’~ are 
part of the crystal strncture in the solid phase. Baker et al. discloses that the dihydrate can 
be desolvated at a temperatnre of above about 70°C. Or the dihydmte Fan be dSed.in. the 
presence of a drying agent such ‘as phosphorus pentoxide;& a temp&@re rangs df-from 
about 18°C to WC! for a day. One of skill in the wozpld appreckte th& other cond&ions 
and techniques known in the art can also be used to desolvate the dihydrate. 

The processes of the present invention &an also bedescriiedin other terms, such as 
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reacting pseudomonate ions with cakium ions in solution, ana ,&en lyophilizing, removing 
the solvent or using an anti-solvent to obtain amorphous form. 

The PXRD data (Figures l-5) dise’iosedfkther eoirfirmsthe~resuh of the processes. 
The PXIUI data shows a pattern for the mupirocin calcium dihydrate. 

The following table, Table 3, illustrates the purity data for the Lsampks fkom the 
examples. The purity data in thetable are area percentages and not assays. 

13 I 97.8 I 

I 16 I 97.6 I 

Many processes of the present invention iuv~lve oryst~nout of ‘a particulsr 
solvent. One of skill in the art would appreciate that the conditions ~OBXSII&~ 
crystallization may be modified without affectingthe form of the po@rnorph Obt&ed. For 
example, when mixing a solute ina solvent to form asolutio~~warniing~afthe mixture 
may be necessary to completely dissolve the starting material.- If ww does nut clari@ 

the mixture, the mixture ma$be diluted or BItered, To $Uter, the ho~rr@xt~~em~I~e~ 
passed through paper, glass fiber or other membrane material, or a &&f&g agent ,such as 
celite. Depending upon the eq@pment used and the concentration, and tempera&m&f ,the 
solution, the filtration apparatus may need to be preheated to avoid prema&re 
crystallization. 

The conditions mayalso be changed to induce or accelemte p&pit&m A 
preferred way of inducing crystallization is to reduce the sulubijity of the solvent. The 
solubQity of the solvent may be reducea, for example, ,by-coahng the solvent. 

Another mamrer to accelerate orystalhzation is by seeding withra crystal of the 
product or scratching, the inner surface of the crystalhz&on vessel with a glass rod. Other 
times, crystallization may occur spontaneously without any ~jnduoemem. The present 
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invention covers both embodiments where crystallk&ion,is induced/~elerated or occurs 
spontaneously. A separate crystallization-step is not recited to emphasize that 
crystallization WI occur spontaneously, but such emphasjs is not meaut to change the 
scope of the present invention -fkom one reciting .a crystallization step. One of skill in the 
art would appreciate that the conditions’prdvided,,for,c~~on inthe present 
invention are far i&u&ration, and that their, modi&ation may not necessarily chsnge the 
result. 

Pharmaceutical Compositions Containing 
Highlv Purified Amordous Calcium Munirocin 

In accordance with the present invention, t.be highly pure caloium mupiroci31, 
including the amorphous form, sre prepared by the new methods disolosed herem. They 
may be prepared as pharmaceutioal compositious that arepsrticsllatily pseml for the 
treatment of infeotions, particulsily secondarily inf&+ltraumatic &in lesions. Such 
compositions comprise calcium mupirocin, such as the amorphous formB with 
phsrmaceuticaily acceptable carriers and/or excipients known te one of skilliu the art, 

For example, these compositions may beprepared as medioaments ro be 
administered o&y, parenterally, rectally, transdermally,.bucally, or nasally. Suitable 
forms for oral administration include tablets, compressed or costed pills, dragees? sachets, 
hard or gelatin capsules, sub-lingual tablets, syrups and sttspensions, Suitsble forms of 
parer&ml administration include an aqueous or anhydrous sohttion or. em&h. wtile for 
rectal administration suitable forms for administration include suppositories with 
hydrophilk or hydrophobic vehicle. For topical administrationthe inventionprovides 
suitable transdermal delivery systems known m the artor formulations that subs=ta@ally 
remain local for topical use, and for nasal delivery there are provided suitable aerosol 
delivery systems known in the art. 

The topical compositions of the present h~ention may be msde ‘as taught by the 
prior art. U.S. Pat. No. 4,879,287 is incorporated here& .for the composition of a topical 
cream. The composition comprisespreferably less than 50% aotiveingredient. More 
preferably less than IO% snd most preferably about 2%. The oomposition~may be 
achninistered witba corticosteroid content of less&an about S%, most prekably less than 
about 2%. U.S. Pat. No. 4,879,287 can be consulted for a fbh desctiptian of-requirements 
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for a topical cream. Bactrobane’ can also be used for guidance. 
Pharmaoeutical compositions of the present invention contain hi@y.+ed 

cakrm mupirocin, including the amorphous form, optiena3ly in mixturewith other f:omrs 
of mupirocin. In addition to the active ingredient(s~, the pharmaceutical compositions of 
the present invention may c0nta.m one or more excipients. Exoipientsare addecU the 
composition for a variety ofpurposes. 

Diluents increase the bulls of a solid pharmaceutical composition and may make a 
pharmaceutical dosage form containing the.composition easierfor t&e patient and care 
giver to handle. Diluents for solid compositions in&+, forexamp~e,m@roorystaUne 
cellulose (e.g. Avicel’B), microfine cellulose, lactose, starch, pregeli@nized star&, ealeium 
carbonate, calcium sulfate, Sugari dextrates, dextrin, dextrose, &bask calcium phosphate 
dihydrate, tribasic calcium phosphate, kaohu, magnesium carhonate~ magnesium oxide, 
maltodextrin, mannitol, polymethacq4ates (e.g. E@iragit’a’), ~potakun chloride, powdered 
cellulose, sodium chloride, sorbitol and talc. 

Solid pharmaceutkal-compositions that are compacted into: a dosage form l&e a 
tablet may include excipients whose functions in&de helping to bind ithe active ingredient 
and other excipients together a&z compression. Binders for soiid~p~aqutical 
compositions klude acacia, a&ink acid, csrbomer (e.g. catbopo~)~ 
carboxymethylcellulose sodium, dextrin, ethyl celltiose, gelatin, guar gum, hydroge@ed 
vegetable oil, hyclroxyethyl cellulose, hydroxypropylcellulose (e-g; Klucels’), 
hydroxypropyl methyl cellulose (e.g. Methocel@), hquid glucose, m@esium ahnninum 
silicate, maltodextrin, methylcellulose, polymethacr$ates4 povidone (e.g, Kollidone? 
Plasdone@), pregelatinized star& sodium a&&ate and starch. 

The dissolution rate of a compa&ed solid phaimaceuticai composition in the 
patient’s stomach may be increased by the add&ion of a disintegrant to. the composition. 
Disintegrants include alginic acid, carboxymethylcellulose oa@ium, 
earboxymethylcelhilose sodium (e.g, AC-D&Sol@, Primellose@), co%%aS .$&on dioxide, 
croscarmellose sodium, crospovidone (e.g. ~Kollidone, Pofypfasdone?), @.,“l;rsrr gum, 
magnesiiun alirminum silicate, methyl cellulose, micmcqystalline .ceIltiose, polaorilin 
potassium, powdered cellulose, pregelatiniked stat&~ so@m aiginate, sodium stamh 
gIyoolate (e.g+ Explotab”) and starch. 
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Glidants can be added to improve the flowability ofnon+compacted solid 
composition aud improve the accuracy of dosing. Exoipients that may function as glidants 
include colloidal silicon dixoide, magnesium trisihcate, powdered cellulose, starch, tale 
and tribasiic calcium phosphate. 

When a dosage-form suoh.as a tablet is made by compa&ion.ofa powdered 
composition, the composition is subjected to pressure tima punch and ,dye. Some 
excipients and active ingredients have a tendency to adhere to&e !u@zoes of the punch 
and dye, which can cause the product to have pi@ing and other surfsoe&regularities. A 
lubricant can be added to the composition$o redtie adhesion and e+e-rekase of tie 
product form the dye. Lubricants~include maguesium stearatq caioium steam& ,gly~eryf 

monostearate, glyoeryl pahuitostearate, hydrogenated castor oil, hydrogenated vegetable 
oil, mineral oil, polyethylene gtycol, sodiumbenzoate, .sodium lam-y4 sulfate, sodium 
stearyl fumaratee, stearic acid, tak and zhk stearate. 

Flavoring agents and flavor ezibaneers m&e the dosage form nrore palatable to the 
patient. Common flavoring agents and flavor enhancers-f& pharmaee&ioal produots that 
may be included in the composition ofthe present invention iMlude$naMj ~atli& ethyl 

vanillin, menthol, citic acid, 2Itmsrie acid, ethyl m.a&oI, audtarkietid. 
Solid and liquid compositor may also be dyed using ~auy pharmaceutioaI~ 

acceptable colorant to improve their appearake and/or fa&itate~pat$ent identifkation of 
the product and unit dosage level, 

In liquid phaYxm%etiiGd compositions ofthe present invention,~the amorphous 
calcium mupirocin and any other‘solid excipients are dissolved or suspendedin a liquid 
carrier smh as water, vegetable 03, alcoho19’polyethylene glycol, propyleneglycol or 
glycerin. 

Liquid pharmakeutical positions may cc$ain emulsifyiug agents to disease 
uniformly throughout the composition an active mgredient or other exoipjtent that is not 
soluble in the liquid carrier. Emulsifying agents that may be use%1 in Iiquid compositions 
of the present invention include, for example, gelatin,:,eggyu&, casein, chodesteral, acacia, 
tragacanth, chondrus, pectin, methyl cellulose, carbomer, cetostearyl.alcohol snd cetyl 
alcQho1. 

Liquid pharmaceuticsrl compositions of the present inventionrl;lay also &on&in a 
viscosity enhancing agent to improve the mouth-%el ofthe product at@or coat the. lining 
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of the gastrointestinal tract. Such agents inch-& acacia, a&ink acidbentonite, carborner~ 
carbo~ethylcellulose calcium or sodim cetostearyl aIcoho1, rnethyicellulose, 
ethylcellulose, gelatin guar gum, hydroxyethyl ~celk$ose, hydrexypropyyl cellulose, 
hydroxypropyl methyl cellulose, maltodextrin, polyvinyl alcohol, povidone, propykne 
carbonate, propylene glycol alginate, sodiurn alginate, sodium star& &y&ate, starch 
tragacanth and xanthan gum. 

. Sweetening agents such as sorbitol, saccharin,sodium saccharin, sucrose, 
aspartame, fructose, man&o1 andinvert sugar may be added to improve the t&e. 

Preservatives and chelating agents such as alcohol, sodiur~ benzoate, butylated 
hydroxy toluene, butylated hydroxyanisole~ and ethy$zne$kmine~tetraaceticacid may be 
added at levels safe foringestion to improve storage sttability. 

A liquid composition according to ,tbe present iiwention may- also containa buffer 
such as guconic acid, lactic acid, citric acid or ac,etic acid, sod&n guconate, sodium 
lactate, sodium citrate or sodium acetate. 

Selection of excipients and the amounts to use may be readily determined by the 
formulation scientist based upon experience and consideration af standard proceduresand 
reference w&s in the field. 

The solid compositions of the,present invention include powders, granulates, 
aggregates and compacted cornpositions. IIre dosages &Jude dosages suitable for oral, 
buccal, rectal, parenteral (inchuiing subcutaneous, intramuscular, and intravenous), 
inhalant and ophthahnic administration. The dosages may be -conveniently presented in 
unit dosage form and prepared by any of the methods wee-knownin the pharmaceutical 
arts. 

Dosage. forms include solid dosage forms-hke,tablets, powders, capsules, 
suppositories, sachets, troches and losenges as we&as liquid EQIT~S, suspensions and 
elixii. 

An dosage form of the present invention is a capsule containinS.the composition, 
preferably a powdered or granulated solid composition of she invention, witbk either a 
hard or soft shell. The shell may be made from gelatin and o@ionaBy contain a pWicizer 
such as glycerin and sorbitol,end an opacif$ng agentorcoloraut. 

The active ingredient and -exciPients may’be fornmltied Otto compositions and 
dosage forms according to methods known in the art. 
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A composition for tableting or capsule filing may be prepared by wet granulation 
In wet granulation some or afl ofthe active @redi@s and ex&&rits in powder form. are 
blended and then krtherrnixed in the presence @f a bquid, typic%lly”water, that causes the 

powders to clump up into granules. The granulate is screen&Land/or milled dried and 
then screened and/or milsed to the desired particle size. The grsy;nilate may then be 
tableted or other excipients may be added prior to tablet& such as a glidant and or 
lubricant. 

A tableting composition may be prepared conventionally by dry blending. For 
instance, the blended composition of the actives and extiipients may be+ompa&ed into a 
slug or a sheet and then comminuted into compacted grariules. The co$npaeted gram&s 
may be compressed subsequently into- a tablet. 

As an alternative, to dry grannlation, a blended composi@on may be compressed 
~directly into a compacted dosage form using .$iire& tionipression. techr$ques. Direct 

compression produces a more uniform tablet without. *es. Excipients .that are 
particularly well suited to direct ,compression tableting $nehtde microcrystalhne ~celiulose, 
spray dried lactose, dicalcium phosphate&hydrate and colloidal silica. The proper use of 
these and other excipients in direct compression t.aMeting’ishnown to those in the artwith 
experience and skill -in partknkformulation chaUenges,of ,direct compres&n ,tableting. 

A capsule filling ofthe present invention may compriseany of.$he aforementioned 
blends and granulates that were described with reference to tab?&ing, only they are note 
subjected to a Enal tableting step. 

A single oral dose of $00 mg base equivaknt has been well tolerated and one of 
skill in the art may design capsules, tablets and lozenges and other~unit dosage forms 
accordingly. 

Characterization data was obtained in the following manner 

Thermal Stabilitv 
Glass smpoule in Aluminum laminate bag witbsilica gel was used’= the-packing system. 
Relative humidity was exactly 60%. 

Water Content 
The water content was measured by the IKarl Fischer method. 
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Powder X-Ray Diffraction 
lixtrument-Scintag X’TRA-03Q X-ray dif&ctometer. 
Sotisre-DMSNT. 
Radiation source was Copper (FK61-100. 
X-ray Generator Model-2UX2988, operated at 45 KV and 40 mik, 
Detector-solid state. 
Data was acquired with a scan rate of 3.00 Deg./min. at a’i=ange of 4+40. 
Degree, step size 0,050°, Cnttkne 1 sec. 

Met&r TA 3000, DSC 20 
heating interval- 25-250 “C 
heating rate- 5 oC/min. 
atmosphere- Nitrogen, 40 timin. 
sample holder- Al crucible with holes 

3s 
Nettler TA 3000, TG 50 
heating interval- 25-250 “C 
heating rate- 5 ~°C/min. 
atmosphere- Nitrogen, 40 ml/min. 
sample holder- Ceramic 150 nil 

Perkin Hmer FTIR SPECTRW 1000 
Spectra was tsken in KBr pellet in the range of 4OW-4OO~cm~~ 

Determination oflmpurities for M&rocin-Calcium 
High pressur& liquid cbro~atography~(lZPLC) Was pe&ormed on a 20&z@’ C-8 (5 

urn; 250 x 4.6 mm), reverse.phase cohnnn with ammonium acetate buf%r solution in 
water: tetrahydrofkran mixture as,$uent. Detected by U.V. spectroscopy at h== 240 mn. 
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Determination o fImxnuicies_for 
High pressure liquid chromatography (HPLC) was performed on a Hyp~ersil 

Shandan BDS* C-18 (3 um; 100 x 4.6 mm), reverse phssecolumn with sodium- 
dihydrogen-phosphate bu&x solution in water: acetonitrile mixture as gradient eluent. 
Detected by U.V. spectroscopy ‘at h = 229 mu. 

The assay also used the same EIPLC instruments. 

Prenaration of munirocin caiciumdihvdrate 
Amorphous mu$rocin ~a&uu (2.50 g, 2.40 murole) was dissolved in water (10 

ml) and stirred to give a clear solution. The mupirocin calciumsol~~n was.allokd to 
crystallize for 60 h at 5 “C. The orystalline product was f&red andwdshed w&h water (5 
ml). The crysta%e,product ,was dried at 45 “C for6 h. 

Preuaration of muuirocin cakium dihvdrat~ 
Amorphous mupirocin calcmm (5.00 g, 4.80 mmoie) was dissolved m~methanol 

(15 ml) and.stirred to give a clear solution. Wa@r (10 mlj w@ added to the solution. 
Methanol from the solution was evaporated at reduced pressure to g&a a fb~al volume of 7 
ml. The mupirocin calcium solu$ion was allowed to crystal& for 60 h at 5 “C. The 
crystalline product was filtered and washed with water@ ml).. The pmduct was dried at 
30°C for 12 h. 

Example 3 
Preuaration of munirociu cakiurn d&Irate 

Pseudomonic acid (250 g, 10 mmole) was dissolved ;in,a mixture of.methanol and 
water (30 ml and 30 ml). Cslcku ,2-&yl-hexanoate (0.92 g, 500 mmok$ was dissolved 
in a mixture of methanol and water (60 ml and 30 m& The cakium 2-ethyll-hexauoate 
solution was added to the pseudomonk acid sohmon, and &&red for 1 h. The methmol 
was evaporated fkom the solutionat reduced pressure to give a.Snalvolume of 60 ml. Tke 
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Z-ethyl hexanoic acid was extracted with ethyl-acetate (2x40 ml), and the aqueous layer 
was evaporated thorn the solution at reduced pressure to give a final volume of 50 ml. The 
n~upiroein calcium solution was allowed to crystalhze for -36 h at room-temperature. The 
crystalline product was Glteredand washed with water (10,cm3), The product was dried at 
40°C for 8 h. 

Example 4 
Prenaration of amornhous munirocin calckun 

Pseudomonic acid (4000 g, 8 mole) was dissofved in ethanol- (IO 1). Ethauolic 
solution of potassium hydroxide (448.88 g, 8 mole potassium hydrotide and2.611 ethanol) 
and ethanolic solution of calcium cworide (443.96 ,g, -5.0 rnmole cahkm chloride and 2.6~1 
ethanol) was added to the m&re. Themixture ini& stirre&f~ 9O.minutes and then 
filtered to remove potassium chloride. Then, 3:l ethanol was added to $he,solntion and the 
.ethanol was evaporated at reduced pressure to give a fbiabwlume of l&l (Solution A). 
Ethanol was evaporated Born 1400 ml of Solution A witIr ‘rotary evaporation at reduced 
pressure to give a solid, white foam+ The product was dried for 12 h at 45 “C under 
IWXUUXL 

Example 5 
Preuaration of mupirocin,calfkm dihvdrate 

Water (20 ml) was adde&to a‘mupirocin oak&m ethanolic concentrate 
(50.84 g, ea. 37 m/m%) prepared genera&by the samete&niq~ astheprior example. 
The ethanol from the solution was evaporated at reduced pressure togkve a fmakvolume of 
20 ml. The mupirocin calcinm soh.ttion.was allowed to cry,staUze for 24 h at 5°C. The 
crystalline product was fIltered and washed with water ($5 ml]. The,product wasxlried at 
30°C for 12 h. 

The water from the filtrate was evaporated at redu& pressure to give-a finat 
volume of 5 ml. The mupirocin +x&&rm sohttion was allowed to crystalhze~ for 24 h at 
5 “6. The crystalline productwaa filtered and washed withw&er(2I%15 ml). The product 
was dried at 30°C for 12 h. 
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Example 6 
Pm 

Pseudomonic acid (lO,g) wassuspended in water (26 ml), Galcium.otide(~58 g) 
was added to the suspension. The mixture was stirred for one hour, and’ filtered. The 

mixture was cooled to 5 “C. Aft& Stan&g for IS h, the cryst#ne product was filtered 
and washed with cooled water (10 ml) anddried-in an aircimuhtted oven& room 
temperature. Mupirocin cal&undihydrate (9.4 g, 87 %) was obt&xXb 

PXRD confhmation dataattached (Fig. I). 

Example 7 
preDarati011 of mupirocin calcium dihydrate 

Amorphous mupirocin cz@un (14 g) was disso@d inwater (35-n@ s&&red for 
one hour. The mixture was coo&I to 5°C and kept .at this temperature for 15 hours, Then 
mixture was then stirred at 5 “C for 3 hours. The crystalline product w&s fifteredand driedin 
an air circulated oven at room temperature. Mupirocin cal&nn dihydmte (12.S.g, 83 %) was 
obtained 

Example 8 
Preparation of mupirocin .calcium dihvdrete 

Amorphous mupirocin calcium (20.00 g, J9.20 nm&e) was added into water [O.m,l) 
under stirring. The slurry was stirred for 0.5 hour, and then it V&W :cooIed to 5°C: The 
mupirocin calcium solution was ahowed to cry&l&e for 16 h. The crystal slurry was diluted 
with 15 ml water, and the crystals were filtered and washed with water (5 ml). ‘Ihe product 
(17.1 g) was dried at 35°C for 12h. ’ 

Example9 
Prenaration of muvirocin calcmm dihvdrate 

Pseudomonic acid (10 g) was dissolved in isobutyl-methyl ketone (120 ml). 
Calcimn oxide (0.57 g) was suspended in water (68 ml), aud.ad&dto the solution ,of 
pseudomonic acid. The ,rnixture vvas stirred for one hour, and the phases were separated. 
The volume of the aqueous phase was reduced to 40 n&l by vacuum distillation. The 

mixture was cooled to S”C, andafter standing for fS hours, the c~stalhneproduct~waa 
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filtered and washed with cooled water (lO,ml). The prod@t was thendried in an air 
circulated oven at RT. Mupirooin calcium dihydrate (3;7 g,35 %) wasol&ined. 

PXRD confirmationdata ia attached (Figure 2). 

Preparation of mutkcin calcium dihvdrate 
Pseudomonic acid: (10.00 g, 20 mmole) was dik~ked in 100 ml of ethyl acetate at 

40°C. Calcium-2-ethyl-hexanoate (3.32 g, 10 mmoie) was suspended in 25 ml of water. 
The solution of pseudomomc acid was addedto the calcium-2-ethybhexauoate suspension, 
and the resulting two phases system, were .stirred ,fbr 14 heurs.. The two, phases were then 
separated, and any,traces of ,&yl acetate was evaporated fkom.&e aqueous phase. The 
aqueous mupirocin calcium suspensien was cooledin&are@gerater to F’C and 
precipitated. The solid mupirecin calknn, dihydrate was subs.equen$I~ filtere& washed 
with I.0 ml water and dried under,vacuum at 3S’C for 14 hours. Thernass oft&e product 
was 7.82 grams. 

PXIUI cominrration data is attached. (Figure.3). 

Exaniple 11 
Prenaration of ~murkocin eal0ium dihvdrate 

Pseudomonk acid (10.00 g, 20 mmole) -wasdissolved in me@@ terAxlttyl~ether 
(150 ml) at 45 “C. Cal&m-2-ethyl-hexaneate ,(3:32 g, I”0 mmdle) was suspended ih water 
(30 ml). The solution of pseudemonic acid was added to the calcium-2-ethy&hexanoate 
suspension, and the resultmgtwo phases system were s&red for 14 hours. The two phases 
were then separated, and water (20 ml) and methyl &$Wyl et&r (50-n@ was added to the 
aqueous phase, and was stirred for 1O~minutes. The resulting Wo phases wereseparakd, 
and any traces of metbyl tertbutyl ether was evaporated from tie aqueeusphase. The 
aqueous mupirocin calcium suspension was coked in a:refkigkator at 5°C. The solid 
mupirocin calcium dihydrate wasfilter~ washed witi- ml,water and dried under 
vacuum at 35 “C ,for 5 hours. Themass ufproduet was 5.88 grams. 
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Exalqh 12 
Preuaration of mu&ucin.cak&tm dihvdrate 

Pseudomonic acid (lOXI gj 20 mmole) was dissolved in methyl C&n&yl ether (180 
ml) at 40°C. Calcium-2-ethyl-hexanoate(3.32 g, lOmmole) was suspended inwater(5Oml). 
(It is possible to obtain a, solution by using a larger amount of water or an &zihol/water 
mixture). The solution of pseudomonic acid was ad&d to tke caldiurn-2”ethylehexanaate 
suspension, and the two phase system was stirred fbr 24 hours. The two phases were 
separated, 50 ml methyl $e&utyl,ether was added to the aqueous phase and stirred for 10 
minutes. The two resulting phases were separated, and the metby t&butyl ether was 
evaporated from the aqueous phase. The aqueous mupirooin cal&.tm suspension was cooled 
in the refrigerator at 5 “C. The solid mupirocin cal@m d$rydmtewas filtered, washed with 
water (20 ml) and dried under vacuum at 35*C for I4 hours. The mass ofproductwas 8.65 
grams. Assay: 95.68%, water:3.48% 

Example 13 
Prepsration ofmuuiro&n calciW,, dihvdrate _’ 

Pseudomonic acid (IO.00 g, 20 mmole) wasdissolved m isobutyl methyl ketone 
(300 ml) at 40°C. C~c~~~2-e~y~-hexaate (3.32 g, lO:mmok$) was suspended in water 
(50 ml). (It is possible to obtain a solution by using a lqger amount ofwater,or an 
alcohol/water mixture). The solution of pseudomonic acid waSadded to the-calcium-2- 
ethyl-hexauoate suspension, and the two phase system were stirred for 24 hours. The two 

phases were then separated, &obutyl methyl ketone (25 ml) was ;added,to &aqueous 
phase, and stirred for 10 mismtes; ‘The two resulting,ph@eswtie sqarate& aJzd any tray 
of isobutyl methyl ketone was evaporated from the, aqueousphase. The aqueous 
mupirocin calcium suspension was coofed in a ref&er@r at‘5 OC!. The solid-mupirocin~ 
calcium dihydrate was filtered, washed with wat&$20 XI@ and dried und&vacuum at 
35 “C for 14 hours. The mass:of product was r1.95 gn&us, Assay 9?72%, water: 3.45%. 

Example 14 
Preuaration ofmunirocin calcium &hydrate 

Pseudomonic acid(lO.Otig, 20 mm&e) was dissolvedin amix%ure ofmethanol (3Uml) 
aud water (15 ml.. Calcium 20ethylhexanoate (3.32 g, 10.00 mmole) was dissolved in a 



WO 031065975 
31 

mixture of methanol (60 ml) and water. ,(30 ml). The oailcium 2-e&yMu~xanoate soh~tion 
added to the pseudomonic acid solution and was stir&for 1 h. T&e methauoi was evaporated 
from the soh~tion at reduced pressure to give a S&l vohune of 45 ml: Water (15 &lj was 
added from the solution. The I&ethyl hexanoio acidw~ex~ted~~~~~-aol(~~Omt) 
and the aqueous layer was evaporated from the solution at reduced pressure to give a final 
volume of 60 ml. The mupirocin calcium solution was ,+$&wed to erysMke for 36 h at 5 3 C 
temperature. The crystalline product was filtered and washed witE water (10 ml). The 
product(3.6g)wasdriedat~5”C~for8h. 
Assay: 96.9% 
Water: 3.0% 
(This assay is expressed dZf&ently than those for amorphous fq Table-l should be 
consulted in regard to ,&is matter+. 

Preparation 0Cmupirooin .calcium dihwirate 
Pseudomonk acidf50.00 g, 0.10 mole) was disso~ved.mmethanei (15U~ml); Cakium 

Z-ethyl-hexanoate, (15.92.g 48.00,mmole) was suspended in a nGx&re ofmethanol J,water 
(250 ml and 125 ml). The pseudomonic acid solution added to the calaiutn2-ethjd~hexanoate 
solution, and was stinzed for 1 h. The methanol.was evaporated fromthe soh$on& .redu@ 
pressure to give afInal volume of 125 ml., The 2-ethyl hexanoi~~aoidwasextractedwithethyl- 
acetate (4x50 ml), and the’aqueous layerwas evaporated fkomthesoktion atreducedpressure 
to give a final volume of 125 ml. The mupirocin calcium soiution w& allowe&I to ery@al&e 
for 48 h at 5 “C temperature. The &y&Mine product was filtered s+td:washed with watti (10 
ml). The product (18.4 g) was drkd +t 35°C for 8 h 

PXRD confirmation data k attached. (Figure 4) 

Preparation ofmur$rooin calciumdihvdrate 
Pseudomonic acid was dissolved in isobutyl acetate (I,30 ml). (Z&&m oxide (.29 

g) was suspended in water (32 ml) and added to the solution.ofpseu&mom~ acid. The 
mixture was stirred for 2 hours, and the phases were separated. The <v&me of the aqueous 
phase was reduced to 15 ml by vacuum distiillistion. The mixture was oeoledto 5°C. A&X 
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stirring for 2 hours, the crystalline product was fiftered and washedv&h cooled water (5 
ml). The product was dried in an air .$reulated oyen at RT. Mupirooincal~ium dihydrate 
(3.3 g 62%) was obtained. 

Example 17 
Pre ara ‘0 of am0 1 

Pseudomonic acid (5 ‘00 g, 10 mmole) was dissolved m methsnelfE5S ml), 
methanolic solution of potassmmhydroxide (0.56 g, 10 mmole .p&ssium hydroxide .a&4 
ml methanol) and methanohc solution of cal+ruchkxid~(O.56 g, 50 mmole calcium 
chloride and 5 ml methanol) were added to the mixture. The mixture was &JX& for 1 
hour. The solution was then filtered~to remove potassium .&loride( 0.60 g). The 
methanol was then evaporated at reduced pressure to givea Solid, white foam. The 
product was dried for 12 hours at 45°C under vaouuni to obtain 485 grams of final 
product. Assay: 95.9%, Water; 2.23% [total impurity: 3.1’3%, hiighest impurity: 1.23%- 
different method than assay], melting point: 85 to 89°C. 

Eacample 18 
Prenaration of amornhousmuniroc& calcimn 

Pseudomonic acid (5.00 g, lOmmole) was dissolved in ethanol (20 m& .&han&c 
sohnion of potassium hydroxide (0.56 g, 10 mrnole potasshnnhydrq~ide and~lO~mt 
ethanol) and ethanolic solution of calcium chlotide:(O.56 g, 5.0 mmole-caloium chloride 
and 10 ml ethanol) were added to.the mixture. The~mixturewas s&red for’1 hour and the 
solution wss filtered to remove potassium chloride (0.516. The ethanol wassubsequently 
evaporated at reduced pressure to give a solid, white fosm. The produet was .&ied for 12 

hours at 45 “C under vacuum. The product had amass of 4.38, grants. Assay 99.1%, 
water: 2.36 % ,[total impurity: 2.44%, highest impurity: 1 JO% &@erent method than the 
assay]. 

Example 19 
Prenaration.ofamorphous mut3hocin cakium 

Pseudomonic acid (4000 g, 8 mole) was dksolvedin e&at& <EO I),, ethanohc 
solution of potassium hydroxide (448.88 g, 8 mole pots&m @$kotide a& I&6:1 fdhat&j) 
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and ethanohc solution of calcium chloride (443.96 g, 5.0 mmole caloium chloride and 2.611 
ethanol) were added to the rnixttne. The mixture was‘stirred #x 90 minutes, and the 
solution was filtered to remove~potass$m chloride. Ethanol was added to the~soltionin a 
i:3 ratio, and the,ethanol was evaporated atreduced press&o to .give,-a final volume of 10~1 
(Solution A). 

Ethanol was evaporated Born SoWion A (350 ml) ~tba~ratsay evaporation at 
reduced pressure to give a solid, #rite foam. The product was dried&r 12 hours at 45 “C 
under vacuum to give a fiGI produot With a mass of 1’10.02.grams. 

Assay: g&2?& water Q.36?&, melting point: 84-86X 
Ethanol was evaporated fkom 14OOmJ’of Sohxtion A with a r@ary evaporation at 

reduced:pressure to give a solid, white foam. The pro&&was d&&for 12:hat 45 “C 
under vacuumto give amass of 513.18grams. 
Assay 96J % [total im&v: 3;66%, hi&est,‘i 1..29%-dif@rent method thau the 
assay], melting point: 8586°C. 

j?reuaration ofamomhous .munirooin calcium 
Pseudomonic acid (220 g) was dissolved in methanol (210 ml) kept at 25-27 T. 

Separately, potassium hydroxi@ (27.9 g) was ~&soIved in methanol (354 ml); Also 
separately, cal&um chloride(24.39 g) was dissolved ia m&an01 (133~ ml). The potassium 
hydroxide solution was added to the pseudomonicxu$dsoIutionun@ obtaming,apH? 9.4-9.5 ,’ 
.(147,ml ofpota&umhydrox$$e solution was added;). ‘&he eal&tn oblorjde solution-was then 
added to the mupiro& pota&ium solution until r~a&&a pB = 7.6~77 (128.ml of Gal&m 
chloride solution was added.). The solution wassGrred,at 24-Z “C :for an hour. Potassium 
chloride was filtered, and the ,sohjtion was labeled Sohation B. SolutionB (25 ml) was addpd 
to diisoprpyl-ether (250 ml).at (-7)X while stirring.. Solid amorphous mupirocm c&ium 
precipitated fi-om the solution, a&was stirred at -7”C,for3 h. The s&d product&as filtered 
and washed with cold diisoprpy&ether (lOn11). ‘@eproduct was driedin aX&GIized bed dryer 
for 6 hours at 35”C, and ~&XI in a vacuum oven tir. 12 h at 35X 
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Prensration of amornhous muuirocin cal&3m,bv @inMMtio~ 
Pseudomonic acid (10.01 g, 20 mmole) wasdissolved inamkture oftieth~o~t~(50.~ 
and 36 ml). Calciumoxide (Wgg, Mmmole) was addedp&‘tiontisetothemncture~dwas 
stirred for 1 h. The solution was f&red, and the methanol was evapomted f&m the f&&e 
at reduced pressure to give a &ml vohune of 30 ml. Water (XI ml) was added-to the solutior~. * 
Then-the solution was freeze dried toobtain 9.11 grams of product. 
Assay: 1 OO%, water: 1 .S9%, meltingpoint: 8446”C, ~tof$impurity : 2X&%, bighestimpur& 
l.JS%- .different met&d than the assay~,~eltingpoint:‘84-86”C. 

Haviug thus described the invention ‘With refmence to par&&r ~pre&rred 
embodiments and illustrated~it with examples, those in the artean..appre&te m&i&& 
to the invention as described aud&&mtedthat do not depart fkom the #Grit and seopeof the 
invention asdisclosedin the specificatior~ The Examples sresetfortkto aid m waderstandjty 
the ,invention but are not intended to, and should notbe oonstrued to, limit its scope in w 
way. The examples do not include detaifed dttsuiptions of conveqtior~~ me&&. &oh 
methods are well known to those of ordinary sk$l in,tbe art and are desot+bed in numerous 
publications. Detailed descriptions of conventiorral methods reWq$t~~solid state.ohemistxy 
are discussed in Polymorphism in Pharmaceutics Solids, Dmgr a@ #ke Phannucyz&txd 

Sciences, vol. 95. All references mentior~ed hereiu are incorporated ,$rr their entirety. 
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What is claimed is: 

1. A process for preparing crystal&e mutpiro~~ctici~~&~&ate or an~anhydMe 
thereof comprising the steps ofz 

a) preparing a SO~&II of pseudomonio acid in a water+nmisoible ~solve& 

W combining the, solution with a suspension ar.sal@k&of a oal&m~ C, toGs,, 
organic carboxylate in.sn aqueous solvent, to:fozm an +~~~eous$@se and a 
non-aqueous phase, whereinmupiro~c~~~lciunay~,~~pi~~~~~e ’ 
aqumus phase; 

(9 seperating the precipitate; and 

d) optionally conve&ng the dihydzate to thq &y&e. 

2. The process of ciaim 1, where the aqueous solvent is water fkeg of a. co-solvent, 

3. The process of ckim 1, whereinthe%queous solvent is amixture ofw&er and a c, to 
a C, alcohol. 

4. The process of claim I+ wm the organic carbo?rjlkte is 2~et@&h~anaate. 

5. A process for prepa;ring crystaJ%e met51 ‘caG&m. d&j&@+ ;or an &@&ate 
thereof comprising the steps”of: 

,a) adding pseudomonk acid and a ,oaMum C, ,@. C, organic oarbc+xyl&e to an 
aqueous solverkto form a solution, w’ktereia a G, to C&organic: c+rboxylio acid 
forms; 

b) removing Ihe carbtixyk acid; 

cl separating the mup,irocin calcium dibydrate aS a precipitate @om the aqueous 
solvent; and 

d) optionally conv&ing the &hydrate.& the a&y&ate. 

6. The process ofclaim 5, wherein the aqueow solveat is a mix- bf water snd a C, to 
a C, alcohol. 
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7. The process ofclaim 6, Qther comprising a step ofincressjng the grater contentofthe 
aqueous solvent before step (c). 

8. The process of claim 5, wherein the removing step is carried out by extractkm. 

9. The process of claim 5, wherein the organic carboxylate is L&ethyl--hexauoate. 

10. A process for preparing crystalline mu&rock ~aloi&m di&ydrate or an anhydrate 
thereof comprising the steps of: 

al adding pseudomonic acid and cah&m oxide to water free of a co-solvent to 
form a solution, wherein mupirocin calcium dihydrate, precipitates $rom the 
solutitin; 

b) separating the mupirocin calcium d&xWt~ aad 

cl optionahy converting~the d+ydrate’to thesn&ydrate. 

Il. A process for preparing amor@ous mupirooin cakium comprising t&e steps ok 

4 adding pseudomomc aoid, a base, and a souroe of calcium ions to a C, tu a-C, 
alcohol to form a solution; and 

b) removing the,aloohoh 

12. The process of claim 11, ,wherein the alcohol is substantial& anhydrous. 

13. The process of ela$tn 12, wherein the alcohoNas lessthan sbaut 1% (vol/vol) water 
content. 

14. The process of claim 11, wherein the alcohol is seleeted’&om the group consisting of 
methanol and ethanol. 

15. The process ofclaim 111, whereinthe remeGng&ep iscarrisd out by evaporating&e 
alcohol. 
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16. A process for preparing amorpeus mupirocin c&ium eompri+ng the steps of: 

a) adding pseudomonk acid; a base and a source ofcakiumioti to a C, to-q C, 
alcohol to form a solution; 

b) combining the solution wit& an anti-solvent to ‘&ecipWe smozphous’ 
mupirocin calcixmq and 

4 separating the precipitate. 

17. The process of claim 16, wherein the alc&ol has less t&xkaborxt 1% (vol/vol) water 
content. 

18. The process of claim 16, wherein the&x&o1 is selected f?oti $e group eon&t&of 
ethanol and methanol. 

19. The process of claiml6, whemin the anti-solvent &eleated tiom &e;groupco@&ing 
of esters snd ethers. 

20. The-process ofclaim 19,whereinthe anti-sohx?ntas an&lierisselect~dfkomthe pup 
consisting of methyl-t-butyl ether and diisopropyletbtk 

21. The process of claim 19, Wherein ‘the anti-solvent as an ester is i-butyl acetate; 

22. The process of Claim 16, wherein combining is carried out by adding-the solution to 
the anti-solvent. 

23. A process .for preparing amorphous mupirocin cakixxm~ompr&ing the steps ofz 

4 adding pseudomotic acid, a base a@ a source of calqirun ions to a solvent 
selected from the .group consisting of watqr, .a CI to a C4 alcohol, or mixtures 
thereof to form a s@tion; and 

W lyoptilizing the i&ution. 

24. The process of claim 23, wherein the alcohol is methanol. 



WO 031063975 
38 

25. The process of claim 23, mer comprising a step, be&x& t&e lyoptititinstep, of 
removing solvents other than water and optioxxdly adding water. 

26. A process fat preparing .cryst&ine mupirocin calc9m-I ljydrate or au ax&&ate Wf 
comprising the steps of: 

a) dissolving pseudomonic acid in a water-Sm&scSblo &vent to formasohltiu~ 

b> combining the solution v&b a suspension +x solution’of a base and 
a source of calcium ions in an aqueous solvent ,to form +.n aqueous andanon- 
aqueuos phase, wherein mnpirocin,calcium dihydr&e precipitates tirn the 
aqueous phase; 

4 separating the d&&ate; and 

d) optionally converting the&hydrate Whe anhydrate’ 

27. The process of claim 26, wherein tb$ water-immiscible s&ent is selected &om Ihe 
group consisting of esters and ketones. 

28. The process of claim 27, wherein the water4mmWble s&e&~ an ester selected is 

iso-butyl acetate. 

29. The process of claim 27, whexein the watei%miscibie solvent as a ketae is isobutyl , 
metbyl ketone. 

30. A process for preparing crystalline inupirocin calcium d&ydrate comp&&ng the steps 
OfZ 

a) adding pseudmonic acid, a base and a source ofcal&m ions to a C, to a C, 
alcohol to form asolution; 

b) adding the solution to an ether or an ester as an ar&i-aolvent to precipitate 
amorphous,mupimcin calcium; 

4 dissolving the amorphous mupirocin ealciti ,in a solvent selected &om the 
goup con&~ of water, and a mixtuze of water and 8 C1 to a CQ alcohol to 
form a solution,,wherein:the dihydrate precipitates &om the sof&i~; and 

4 separating thiedihydrate. 
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31. A process for preparing crystalline mupiroG$n calcium dihydrat~eomprisin@he steps 
Of: 

a) addkqpseudomoriic acid, a base and a source of cal@um ions to aC1 tu a C, 
alcohol to form a $olution; 

bl evaporating the-alcohol to obtain amoqhom mupiroc&nzcal+um; 

(9 dissolving the .amorphous mupirooin ca.@um in a ~so+@ selectee from the 
group consist&of water, &d a mixture,c&atek 8&k C1 to a Cc alcohaf to 
form a sol&on, wherein the dihydrate pre@itates fram, the solutioxq and 

4 separating the dibydratt. 

32. Aprocess forprep~gcrystal4inemupirooinc~cium,~y~~.~~~~gorr43risin%e,~~s 
02 

a) adding pseudomonk acid, a bkse and a source ‘of c,$&m ions to a solyent 
selected from the group consisting of water9 a&a mix&re.of water and a C, 
to a C,, &ohol to form a solution; 

b) lyophilizing the solution to obtain akorphous mupirckin calcium; 

4 dissolving the amorphous mupirocin calcium in a sohrent,sqlected f&m the 
group consisting of water and a mixture of water .and a C, to L C, alcohol to 
precipitate the d&+x&e; and 

d) separating the dihydrate as a precipitate. 

33. A process for preparing amorphous mupirocin &,km compri&ng the steps of: 

a) reacting pseudotionatqions and cakium ions &I solu$on in a C, to a C, 
alcohol; and 

W evaporating the alcohol. 

34. A process for preparingaplorphous mupi.rocia.cal&un comprising the steps oE 

a) reacting pseudomonate ions and. cakium ions in s@&io~ ;in a CI to a C, 
alcohol; 

b) actding the solutiun to an ester or an ether as w anti-solvent to precipitate 
amorphous mupkooin calciums and 

4 sepaxatig the precipitate. 
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35. A process for preparing amorphous stmpiroein caki~ comprising the steps 02 

9 reacting pseudomonate ions-and cakiumions .ti solutkm ia a solvent sekcted 
from the group co&Ming of water and a mixtum of water and a“Ct to a C, 
alcohol; and 

b) lyopm the solution. 

36. A process for preparing crysWine mupir&n calcium d&syd@e or an tiydra..e 
thereof comprising the steps of: 

a) providing pseudomonic acid and a cakimn C, to C,, organiccarboxylate; 

W exchanging a&Xc, proton of the pseudomtic acid w& the c&Sum of the C, 
to Cl2 organic oarboxykte; 

4 recovering the mwocin @&m dihy&ate; and 

dl optionally converting the&hydrate to $.heanhydrate. 

37. A pharmaceutical composition comprising: 

a) amorphous mupirocin cakiumwitbEessth&n about I% afan impurityde&ed 
as E by European Pharmacopoeia werat least two mcznvhs of stontge”at about 
25°C and R&l about 60%; and 

b) a pharmace@&lIy acceptable exoipient. 

38. A pharmaceuticsl compositioq compr&ing: 

4 amorphotk mup&ocin cskkun with an assay of at least ‘about 94% in 
GOlXllXUiS0l.l in lXll.l@OGill calcimn anllydratte; snd 

W a pharm~eutically acceptable excipient. 

39. The composition of of claim 38, wherein the assay is at least ,&bout 98%. 

40. A pharmaceutitical composition comprising: 

a> amOrpbo~m~~~Gin~GiuIlzc~b~a~e~~~pointu~~u~77°C 

to about 89°C; and 

b) a phatmaceuticall~ acceptable excipient. 
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41. The pharmaceutical composition of claim 40, wherein -the q~e&ingpoint is ,of about 
85°C to about 89°C. 

42. A pharmaceuticaI composition comprising: 

a) amorphous mupimeizi calcium havingle@ban~abo~t 3.5% impurities, “as 
measured by sum of aU the impurities, a&r at leaat 2, mo&hs 0-f storage at 
about 25’6 and about RH 6O%;;and 

W a phaxmaceutically acceptable excipient. 

43. The pharmaceutical composition of claim 42, wherein&e imp’crrt.@ is leas than akoti 
3.3%. 

44. A method of treating .or preventing bacterial infections wscep$&le to &@ncin 
calcium comprising administeringtbephatmaceutical composition af chim 37,3&39,40,41, 
42 and 43 to an animal. 
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Bigure 9. 

Stability rep& 

Product Name: 

7 

Packing System: 

Mupirocin-caldium amorphous by proceseof USqqterW5,436,266 & 

glass 

Stebifity program type: 25 %, RH 60% 

Period 
Iweek, 

1 r Assay % 

(HPLC) 

94- 

100.5 

(process 

of 

present 

nvention: 
I 

Water % 

QL = 0.1 w/w?? according 50 EP 
Be assay disclosed is that of amorphous mupirocin cakium prepared by the process of .tie pmse.&inv&&cpn. me 

assay is being u68d for comparison purposes. 
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StabWy repart 

Produd Name: 
7 
Packing Systsm: 

Mupirocin-calcium amorph&s by processof US pa?antz5,436;266 Ex 

glass 
Stability program type: 24 OC, RH 60% 

T Assay %  
(HPLC) 

-Tic- 
100.5 

(process 
of 

present 
invention 

Vat& %  

Mup 

c1.0 

QL = 0.1 wiw!!! aaxxding to EP 
The assay disclosed is that of amorphous mvpimin caicium prepared by the pr&es.~f-the presexxt &~venti~ The 
assay is being used for ccmparison purposes. 
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