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PROCESS FOR FORM NG AMORPHOUS ATORVASTATI N CROSS
REFERENCE Thi s application clains benefit of United
WEL@ho$618¥ ovi si onal Patent Application No. 60/BCBIE28G/003173
filed October 28, 2004. FIELD OF THE | NVENTI ON The
invention relates to processes for form ng anorphous
atorvastatin by |yophilizatilon of atorvastatin froma

S hyar oy T o or T AR O ATRRRRIR <L

meval onate is an early and rate-limting step |n the

chol oesterol biosynthetic pathway. This step is

catal yzed by the enzyopddREEHENETUCt ase. Statins

i nhi bit HMG CoA reductase fromcatalyzing this

conversion. As such, statins are collectively potent

Thipamplitationsaimg berpéimf $initet States Btosisional Palest Applidagon No. 60/623,086,
ﬂdedﬁMﬂbgabby sold as Lipitor(r) having the chem cal nane

R* [ R* )]-2-(4- fluorophenyOb

d- dlhydroxy d- Cl - net hyl et hyO S- phenyl ~- Kphenyl am noJca

rbonyl J- I H pyrr ol e-FIEL®pPFame INVENTIONCal ci um sal t (2: 1)

trihydrate and the fornula Atorvastatin and

pharmaceutically acceptable salts thereof are

Sl imventiongelates tosedesdes doriferhningi amprihous atpiNgsta@o Ay lyophilization of
atorvastitRdiert AsnioS such, atorvastatin calciumis a potent

lipid | owering conpound and is thus useful as a

hypol i pi dem ¢ and/ or hypochol esterol em ¢ agent, as

well as in the treatnment of osteoporosis, benign

prostati c hyper pBACGKGRQWBHMDFamE INVEREIONMer ' s di sease. A

nunber of patents have issued disclosing atorvastatin,

formul ati ons of atorvastatin, as well as processes and

ki conyaraien Rt é'rhdfjfé&y'?r'ﬁ'ﬁthpﬂﬂ@W'F?ﬁj‘zﬁ%ﬁ\M‘é‘ﬁ fhto mevalgeate is an early
and rateHim@ting 8@p inthe ERMeSibl BSsyMAbR Paldwab emss stapG3dat 3d by the enzyme

HMG-C(?\: r%is ta%%%tatgs %g%zt 9@%@%4 %%édt%ﬂritomsda%iy rngﬁ'\*s’ cogv g? %g?ch, statins -

arecollegtlvgg@otpgenpxdsovggvg g@pis. 5, 342, 952; 5, 298, 627; 5, 446, 054,

ﬂtoﬂlzgatg%lcmﬁr %g«gmﬁ%ol@as“%ﬁo@%&m%th{% Jzﬁ)errﬂé;ﬁ narfr?e fﬁs@i Ffo-a-

ﬂuoroph%nvaﬁsf dz@ﬁfoxm TEReBrighHbsare: %?ﬂeawﬁfaw@aarawﬂ Arsvesled-noptanaic
acid calofattlsit (xmpttihyyiratsanaumdierm@d publ i shed | nt er nati onal

Rat ent Applications and patents have discl ased

crystalline forms of atorvastatin, as well ds
br ocesses for %torvastatin These
ncl ude: US PatentN§> 13 56; 5 , 461
5, 605, 729; W W ;
P2/ 43732; WD g2/0

5 3Q4, s 02/ 057228 02/ 057229 WO
D2/ 057274; WONW ¢ 987 WD 02/ 083637; WO 02/ 083638;

\D 03/ 0% TR26 WO 03/ 07072; and WO
34/ ozzo@ﬂ‘hﬁ
orrrs (0] nu

osed that the anorphous
ibit different

di ssol ution cha gristics and in sone casds

di ff erent bi oava ility patterns conpared |to the

crystalline form

L -2

Atorvastatin and pharmaceutically acceptable salts thereof are selective, competitive inhibitors of
HMG-CoA reductase. As such, atorvastatin calcium is a potent lipid lowering compound and is thus useful
as a hypolipidemic and/or hypocholesterolemic agent, as well as in the treatment of osteoporosis, benign
prostatic hyperplasia (BPH) and Alzheimer's disease.

A number of patents have issued disclosing atorvastatin, formulations of atorvastatin, as well as

processes and key intermediates for preparing atorvastatin. These include: United States Patent
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(Konno T., Chem Pharm Bull., 1990; 38: 2003-2007). For

sone therapeutic indications one bioavailability
w@aitboua10ay be favored over another. Vari ati oPGT/IB2005/003173

di ssolution rates can nmake it advantageous to produce

atorvastatin fornmulations in either crystalline or

anor phous forns. For exarrpTQe for sone potential uses

Numberthfess%@é \s{@% 354,13 008, oQ) 5,08E, 045 5110860478104, 482; § 349,831 5155,251;
5,216 174\@@%3% 3% 79%@"‘ ) 1%%055 3'9%99%%4@}% B3bSeanth, 44@%@% 476,981;

5,489 690<15t4adxasz1e5 5M,488| 5,885,103, Q98,638 H06&/51 16,1259 H; 84$3,213; and 6,476,235,
which are I%Ye l%c?;?otrét&{]b rgfgrgﬂrc 108( 10) 1429- 1437) ar api d

ctl & nef i cia
Adﬁﬁpr@uy @g’\umqér céplgt?hgg&}nt@'pa%ggal @é@? ApPRlipa |or;‘shaé1d patents have disclosed
crystallm@foﬁﬁ@b@idr@%taﬂﬁ a8 RRI pherocsadsdonvasaaitg ambrafwoub @torvastatin. These

nouce: BEPAPSH o5 320 e 08 KBRS o bl Bl wb aguhi o
02/43667a ) Q2143782 WMOTP/IEH 504D ARI0P FR28 W 607 51%?%%9' %0?3)5?%7

02/0590 T RICPHRE368; WO/ GBdaabag) wd-0310 11826 WO d8/e51085;6VD 08/D7072; and WO
04/0220 crystalline atorvastatin is dissolved in a

%onhydroxyl i ¢ sol vent such as tetrahydrof uran,

Inicers-Heyldisotgsieil thatibé emorphius fermewl e durnlesr o dsdrschibit @F?r?rtt digsolution
charactefi %@%t‘&hﬁgorhé ReOHRG M BioBYaIERRD ﬁéﬂeﬁﬁs' coﬂgérb@fol tlfmcrtfsﬁhlllne form

am)rg IOUS at orvast
¥

{(Konno Tyi Ghenmp §Bamy h’11ﬁ%0 Waﬁg@é E{)rosroo'lggleeé?qewlc dndxc%tlgn% one bioavailability
pattern ridybeliandraaboybri anotel vent . WO 01/ 28999 di scl oses a

pgr%ﬁt%%sfn ? ?Jolu‘ Q{ ﬂ{egg i lﬂ%&t@éé&ﬁé’ ’@ﬁ*&ijb@atgyastatm formulations in

ysta elp 0 e atorvastat|

 either CfYﬁny@ﬁlota@@'PWﬁfor’\'ﬂﬁl T4 exRsRie: |f‘§e°'§m8|p9t§'&tlacll'sﬁ§ (ﬂﬂﬁaétat'n e.g., acute

treatmerﬁﬁﬂfaﬂ&ﬂyﬁavﬂfg(%frmstaﬁtidasmnmlmi:]TameotD Bl.; INove IK.; Nakagaoii, H.; Liao, Y.;
Grimm, @I Egﬁ%qoéonghglta aZs q_naoa.ﬁ %”BJoglrnalaof E\lﬁféall‘fnges%at@H%m 108(10): 1429-

hous at orvastatin
1437) a taldeineehof @tnpwmy@emhu@e@ﬁfp@hn 6@)‘6?‘{"?9@} @ giir5agy plAsop\Fgtatin.

FhSHbRI SN B MHOUQa@W’(&MS badrofrvacusiidistlodd. For example, Lin et

o, US. RheBHI G A0 SR [T Brs Sty R EhRbybd tonvestatn. To
form amsphotls| atgrvdstatingLin et el disdieng thyt cg@@ulw@ipq@qtqﬁn |§§ﬁlv¢d5|n a non-

hydroxy@rs%f(lferq%gc ttF\ra@y&bel‘éﬁnﬁ'hé ﬁbn%ﬁfbﬁyl@%@l(/é’fﬁl%tr&hé\@d tdSproduce a brittle
sol ub Preferred oIve

foam thay fsd Q)‘&&“HPY ﬁ‘thoa“'P?'é‘@'ltﬁ}'o%tﬂ deamQﬁ%]OHﬁ%tow%%lel ecul ar
V\E) o1 1ab alehdibsoseiogmingrarhbhals atanehstatin bging a nopghydroxylic solvent.

wog 0%553 dgélt?s%g Qiﬁ)%egs%r%rﬂ%gaa{mrmgy StoRhR4thdY rethstalliRtion of

lic solven

crude atpeAgin Nt EHEOVQ%'!C\PQH?""W'CB WH@,S%F Hisednafrype Ao ?FPS%[V statin
calcium H IIdi)\@r alkiPoPsdatainfiged: RatoantonApglai ntigttie@hsu2b GlkABBAMOdthealing. The

es_a process f anmor phous
amorph%l.ts&tc(;\éasefaire Fﬂcnﬂﬁ Is DregiDi %ate(? gftgr%&mwggr vast gt in from
YD O/42909 vis¢lpsea pesphring mnommovmtewa%@t@rbvageelattqﬂﬁg fhe Btorvastatin using

a solverlt F@@é&é‘\giggv&fatw %ﬁﬁéo%blb gh&éry slﬁqﬁil;&i&t@le fiéhea §<blt‘1troﬁ ot atorvastatin which is

prov1deql Withoa slveahp \\}Vgﬁg gtomgetw %ir%e%%({r%éeg liredt C?U N %% fn%hlcrﬂ at%r\ilastatm is
freely séliblecindlidedowrmotcallaraeiybealenhols| eg. zmhimétnpkﬂmd ethgnglent

W(S) 8@6?8%?9 815&03@9 orrR % brﬂajphélﬁ attd?\rlﬁ'fsa‘ﬂﬁ bPHIQQH/ﬁ\b 'aﬂiﬂ/astatm ina

sul t for e scale
hydroxy@q/mwetsanﬁ remwmgéhecﬁpéfenttbﬁ@ﬁ@fFféﬁ?&r%“%méafﬁ ARMPng need
fL@'del’ﬂPx'é@PSl@nﬂ'%bhﬁﬁtﬁ\ doos/0pzsepaAatiscloses b prtessibrdorsing amorphous
atorvasmm %@g’%&t@ﬁ:@ﬁtoww ?1 r?rB as soﬁF onI W?c%)ivgr}!fl@;vﬁ !?I{ %’ténr.vﬁsgjﬁﬁ% insoluble or
very sligntlpsahatsd. at in in an anor phous or other disordered state
SRRt ﬂgcéggéas f&'tp%lﬁlct% -of érﬂawpﬁ’élﬁfawrwsﬁ% abtoWeanvb@é which are not

in a non roxyli c sol vent 8
optimal due to toxicity of enwronmental concerns. In addition, current processes are not optimal in terms
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forma solution; and (b) lyophilizing the solution to

af ford sai d anorphous atorvastatin. In a preferred
woreaohod 104 he non- hydroxylic sol vent is sel ect eRCT/IR205/003173

the group consisting of: dinmethyl sulfoxide (DVSO),

tetrahydrof uran, N nethyl %rrol i done,

N, N- di net hyl acet am de, i met hyl f or mam de and t he

of produc{(dnl%% alﬂﬂbsgéﬂoearé ﬁ@%ﬁ%&%b&%@é‘ﬁ:}ale SYMABINE Therefore, thetre remains a
esters,
continuing el fgérﬁgrﬁ@dmth% éotr gfegara’gqrh%/ F%b%oe? L taéor&a}@%gn r opyl

acetate, and the |ike, and ketones such as acetone and
nmet hyl ethyl ketone, and the |ike, and m xtures

thereof. V& have gigiRe¢bRAHE INOERTIONNAt a
non- hydroxylic solvent such as, for exanple, DMSOlhas

a nunber of advantages over hydroxyllc sol vents such
ﬁ@lﬁs’t%&é&%%e ;ﬂ@éﬂanﬂhhﬂfﬁﬁ is a btewXarfuining atorvEsgtiein an amorphous or

other dls?fg(?{eﬂ?] ?a?gﬁva'S@aggﬂg‘{ ast éé)ﬁj.s%&kﬁ%%vbﬁa H]lf?ﬁ Son rg{daoxyhc solvent to
form a sdlipibm; @nd () }yopmlizmgrﬂmsowym’fg)@jiprp@a @mgmpusrpécg;v%s Pain an

I8 yerf’én%etme‘ﬁ{odothg Rén- @G@x}li‘c‘é@ﬁent sWelec@s frém el gidaipl coadigtigg of:
;o or _an

|
cimethyl gt EMS eioBemaroegg B ialad N Ao bleCAdhios -
dimethylioafidniad dnd o ke aisbleri@etratyberizaha), cumene fispprogyipenzene) and the like,
0 Y Chcet@fdCarf@irthe like, and ketones
small chaily & esqéj'lg as%(e,f‘?as Fnel'(hypdcgt%t}%/ %tﬁ\lﬂgﬁatw lrcl'ﬂ)rcﬁ)y%heip al Cr yes tl ZI Zn) e
such as gretope ﬁé%mawlml kefpng g e Iﬁ(g,rqng H%' tPHIE eP€ di sor dered
W@Mﬁ@e&]nﬁipec@ﬂly%uﬁhtrﬁwﬁdmlﬁhydtokﬂnablv‘mt sush@e for example, DMSO, has a

number éf agy@%rgg%tg\lfe? F@‘Jr(acyfﬁé D ﬁj@ Etfcﬂ s We?ﬁaﬂbl%d eﬂ%ﬁnol for example a higher

SOI' vari ab tate.

solubility/s atow/estatineaisium lnttfr@éwﬂ@vfﬁ?x'y W‘f?ﬁlﬁf? a *]'9#?61 VU% P( hse
6&‘0%“ athé nBrhﬁderd@I)é sBRerf 2y @Bitaih An sxdipent atdifer additives, such as a

| solublllzqngI g%em Iobﬁn §I alléln?) F\%eggggéerf gn%gflc%%?gr%lxtw% Haﬁeop resent

“Diticer dimeideted statad nfers & nagrallsacryaﬁa"ﬁdmmrﬁ@ aaﬁ' effs'%}a'kftea[‘t‘?sﬁphﬁﬁes or .
glassy fcﬁmg%ﬂﬁ ? f;ycgrlecor% &fﬁQESIthlttﬁnﬁatﬁ)ﬁbIL&cﬂdr (IpidrReys@GE ot orieatatiortal disorder

‘ (onentat@p@j \pgglfdgéqgﬁrysjaﬁ) 2?{3&% {E)Frg%lop[%l dﬁ8{§je§ (?%n orﬁ\g{anB%E%rdered crystals),

or stoichfdMatr@disorder 6.6) vaditeahydration sthie. A e her@msﬁhgtqrrﬁ gar@qrphous" includes
those mV\@{]a% mﬁﬁﬂe}fd&(ﬁ%% in Eéfﬁeh ofher dlécﬁ’ﬁer&%é’fﬁf@' e, fTEt hanol ,

m Xt ur
Qﬁaq:o@ﬁ gppeyt Ofﬁhﬁé)r?ﬁ?ﬂtr'@@m'qnds a qugm‘?orﬁgvmg @H}Oéﬁhﬂus %t%rvastatln
comprisd@di ti ves, such as an al kalizing agent; or an

35%%‘{93(4 9@@ lﬁd ﬁnﬁ shibs{t Gt a sdlizHg bt alnal ng

oup ConS|st|ng of
b. Hapifilizingdim soluore mfomwganw%wvs algnggfall| vent : a
RPA %fr@féﬁed ﬁ‘i@ﬁ*o@"tﬁ@ Mﬂ@ﬁyl'b?@(/@ﬁ)fs .seldcied &bralﬂie)g,rouplmenmstmg of: water, an
surfact ant | ecte romsit r
clcohl 5 E P o vt T et 1S PIEEOE bRl Doy, e
hydroxyassol\feorm@)mmairmthqo ediqmyesr bmreas@nplkabmg)ﬁggmtbgta@ ap xndant or mixtures
thereof. pol ysorbate 80 (Tween 80), and the |ike, and

t§l' E%Lgf&;&gzgg@%e&tgglf@ q% 0328%#‘,%@ gi, %gﬁﬁ/aé:;ca[‘np Q%Q)mplexmg agent;
a co- soﬁélﬁths;ﬁﬂﬁne‘i%dlﬁmtursﬁdemm | aur yI sul fate, cetrinide,
SPﬁq.jgrla%l? R}ée]: %“5{3‘%‘?? d diRELGER tl(esg&gi éoﬂ@istﬁ"@ e rp§l§loxyethylene fatty acid

nmonopal . 50
esters (puysogiaEa), atah, asz@r@qatna\e rtwsglibetﬁﬁét @'Vsafﬁa‘e@ﬁ»eo"'ysmbafe 80 (Tween 80),

and the llké( %ng) E§H8aAR With ahRRing @ﬂ@e@mr@ Qb@g%ﬁm fepérature such as, for example,

triethyl g%/ ﬁﬁéﬂ@g@a{?&gg@ﬂ ?Pdluggfxﬁyl E%ﬂ% Gewmm c{‘l pso?bcﬁgr? a‘ﬁ{/ !acﬁ@es‘?érs (sorbitan
esters) gaiUtmgGybitatemtaphimitatassovitan masosthardte é@l’bwlst”ftt%técﬁ“d the like.
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Preferably, the co-solvent is selected fromthe group
consisting of: either hydroxylic solvents such as, for
we@z@apkap met hanol , et hanol, and non- hydr oxyl i BCT/IB2005/003173
sol vents such as, for exanple, DMSO, tetrahydrofuran,

N- et hyl pyrroli done N, N-di met hyl acet ani de,
N, N- di net hyl f or mram de and the Iike, small chain

F’?éfér%ﬁl? Ehesééﬂble&ﬁng aaaﬁ B.yal cyR6@xah @ele@bdtydm Meetdib eonsafiel of: alpha-

evcodoX R B AT = B B sty R DA REPh
mefbably,aik dorsmivetitie sejeatadiroonhe DrouR ﬂglsmmg o@cﬂﬂbﬁ( ah@iaxyhczaplvents such
as, for e@%b@,)ﬂﬁgﬂéénoﬁ %ﬁ&amﬁoing)ﬁ@ﬁ[ﬁijdr@&?o soRBhiO ¥ RARE, f&3z§<am9|@| OMSOET

ave un d th
e R e AP T o SO LEr b e st
chain esteREsUch @& Al ydetate, eihgl zeetate, arolriveike W &btohescwigheagiaopiongand

nditio signi ficantl i nc dth
f I ¢ r}ge g y rease e
methy'egi% \95s€ﬂ‘?|“§ cal ciumload in the solution that i

Proletsly e balvmer FTRReotoCio 1@ PRRABESINGST: BPIPATIY (th adgramer 168,
poloxam&f 23k r}%lo&érﬁ&%s @Rﬂarﬂé\&@? %ld &H?ea’ke the process is

BFPvearprsgeny i RTPE AT BB et Anpk PoldinARfRebiino
freeze-dgimg cyrieal soraeotionaldteatd- urylog)mg\dltlgns(ﬂj\d S@pﬂqﬁnggl@prg@qqe e atorvastatin

calcium B%(Eﬁ'l\(%ﬁﬁlbrﬁh]aﬂs ﬁ‘eé’i&@lFl&%YhLﬁs‘:th&Qﬂ\d{éﬁ@bs 166 BffathiviinBgs dlthe process and
[1zin |I|Z|ng the solution to

ensures e e arog%ﬁsds WB‘H&?J@QQISW%QEQ%WW % n a preferred
Aeiird ashect di tnelpyetrendiptentonrsoh pemessife faming @metbhpysorieryastatin
Compr|8|9§(oup consisting of: water, an alcohol, such as, for
nmet hanol , ethanol and the |ik d m xtur.es
Bher e@?SOIVOQtaF%Y?éiaF'@/'n R yEroRyfia FIVaNt otaG S anggg agent; and
gont alyébfﬁ)’hh@fhe&dﬁitldri tv @fiord sald hmarphaus siminwbiatin. zi ng agent ;

EI erreSdI rgéJtF %thy&ognb %f(%\%'ﬁﬁ§ 1885 ERIm thgg%uﬁl:&ﬁlshr?d d#Gvater, an

alcohol, alhdhaﬂSJ fom@mplesraethanoaﬁthan% and thﬁﬁlfeagr?qq;%aé??%eoff Qptionally, the

hydroxyf d6Rbiht Ry @8HhthiR offBf lditHéd, buch@s @ salubibdirigragentasriah amixdabnt or mixtures
hydr oxi dé; an am no aci d: and a vol atile base.

thereof.pr of erabl y, the al kalizing agent is selected fromthe
Jheoalkaliziogagest is negjeciéd franmthalgkoap consisting of caralah me@l saffan alkali metal

hydroxm%l Kalikaifasd nidd @!alt GAd BRAAAL BarthaReta nkd@bideTaih ahino acid; and a volatile
[ carbonate: an al kaline earth netal bicarbonate; and

base. gl kali netal phosphate; an al kaline earth netal
Ph@&ﬁﬁmtr% allanthgagentds s&bcﬁd&ld@pﬁm grogpieansistingol @h @lali metal carbonate;

an alkalPea?(ﬁ %@%?ar%gﬁgﬁglﬂ ali nqe‘tg BRhLbonAEn Eﬂ(hlfﬁ@%br‘ﬂw mMQIrtﬁbarbonate and

era izin ent Is sel ected
alkali m@ﬁlmbpsnb@fﬁsans%%@e %ﬁﬂh ”é?‘% a%qsa?ﬁt%m a sy %P%@thﬁ?ﬁ nhla? sodium
phosph@@n@hm.ewaasalénd tna)ae’uagnle5| umsalt; and a cal cium

R SRRl e JRLAS BAR g SUERA o
potassiuneattaar Myhnaman,amagy@n«mwean dp GAlSiThEr y ani ne; a

tP?Jférblaf; ¥heAISRR; basr’é"ig sé@ct@d f¥dm RBgRRP cemcin@mmmmwnmm hydroxide; a
bi carbonate.  The vol %é%le base..can _subl

tetraalkg%@g}l%{p gy “B?dedéé?ﬁ% anqingsi art %rly 8@@55?“89%% ealr)? %mlne and ammonium
bicarboaé. tThalblatilcobase capsubtined,yor evaporate, or decompose during processing either partially

or completely.

More preferably, the volatile base is selected from the group consisting of: diethanolamine and
monoethanolamine.

Most preferably, the volatile base is selected from the group consisting of ammonium hydroxide;
and tetrabutylammonium hydroxide.

A fourth aspect of the present invention is a process for forming amorphous atorvastatin
comprising:
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More preferably, the volatile base is selected from
the group consisting of: diethanolam ne and

wormestdianol am ne. Mst preferably, the vol at i PET/B9€5/003173
is selected fromthe group consisting of anmoni um
hydr oxi de; and tetrabutyl anmoni um hydroxi de. A fourth
aspect of the present invertion is a process for

af OF MHEG YRR SN Qﬁ@éﬁ’%&@&dmﬂm%@ﬁ%kﬁct stgveﬁt andi)
di ssol vi_ng atorvast atin and Wﬁ?tfsag
i

bhy dr §BNITERI d15159RHN 10 Zferd5§id ARG ol“ﬁaﬁ'%??l es oI ution
il é)praifefrélf itlethad, thedhyoropiio seiveat isiselastedirénmihe igrpug cprrsistieg efedater, an
alcohol, sgeh ggo]%r e)Ian‘l%leh%gtF\% le'tr&n@oén\é%g likk %r?ﬂ%@t@&l lﬁgref)ff @ﬁl&ﬂ%ﬁy the

oup consi ter, an al ﬁg ts aﬂﬁ tor
hydroxyh@smmreay cREER AT addétvﬂ%lﬁaffh asgriglupidng 3RE: o' ai&"l?r"@&"
mixtures fheReeof . Optional 'y, the hydroxylic sol vent may

ontai.n ot he itive
ng ag\thna?rg glsle%f:tﬁ(g ALt éhnet &Ourp c%ﬁgitiﬂﬁ of ?‘l%'gl;i@o%deﬁ Ege@%ﬁﬁl
scavengesrend @x pxjgen s¢agenget @@tféla’fufer"b?fﬁqfhe group consisting of a

ﬁé}g LB, e hBRERY ageft i€ 5GBTS gRORMMEIGIEY; of - @rtiirass and
gen scavenger or a mxture thereof. Preferably, the
ethy'e”e%?f@ﬂ%f?tfqgi@e“ﬁ@@ t is selected fromthe group consisting

roéferably,Ghd fFetradical schvendey Isenlectpditom tearqua gersistieg efchuylated

hydroxyasf:sglg ?l{l—ﬁgl ahd bblgﬁtetir gﬁroﬁﬁtgu&@ f(Bl—‘ls'lq aMﬁEG&foph&ol?aﬂh fetirs]
vt tH ﬁl at ed tYdr ?XX&‘” %gcoeoate and
Rrespiaply. tanerBen SFRYRNGEN w?%%sv fog] B HEUR FTftng of- sodiim
potassiurlaBébdatedcopher ol and the Iike. Preferably, the oxygen
scavenger is selected fromthe group conS|st|ng of
sodi um ascor bate; and pot assi um ascor bat e. f ial sal
R EODsc b TBIoEEUTTIon B FdTHRSHYS (BOOB ALK Ly of commerial al,
compn&rﬁ@& K ShePindd therapétiadly eftédiive aradumest@matphe a&qrvas%:(tm calcium.
ri sing _a container an | b
L
treat subjmp&oﬂferno@ frorh byeraholesierolamieiid/as hyneglpﬁermgt Wpaqomﬁrsqewgn prostatic

hyperplagl% %HéAaﬁgﬁ,g@s&,g%g@ cal ci um to treat subjects
Ul g, Lrarm % Sy Ch%' O er (Z?Ptg%easnog h3 mventlon will be more readily

ajersqing and/ihgr oRieqiesy P‘b‘&ﬁssa“ ! OSt At
understod¥ ppdnoasdeatioBBHe atlawing déiaierhdescyptioh obthe @yenpn@
foregoing and ot her objectives, features and

advant ages of the invention w readily
under st ood up(ﬁBlEBR§§Q§}PJﬂQ%RFJﬁ$EﬁDQAWI %Sovm ng
detail ed description of the invention. BRIEF
SCRI PTI E
Figure 1 )E%E?\%%/a %qufdlgr\%-gyldlf (Wﬂ“@{f {o té(&gorf érrrﬁ&'gﬁéﬁ% rfa{?sorr%é%}/)éﬁg alcium made

in Example dr Methedbh-i n cal ci um nade in Exanple 1, Method A
Figure 2 shows a solid-state 19F nucl ear magnetic

Figure 2233%@? % ggﬁﬁgfg'\@% gﬁ%a@nmﬁf%fnﬁ%ﬁr{c Wﬁ) &te&tt}ﬁ?%ﬂcjrﬁhous atorvastatin

calcium made in Example 1, Method A.

Figure 3 shows a powder x-ray diffraction (XRD) diffractogram of amorphous calcium made in Example 1,
Method B.

Figure 4 shows a solid state 9E nuclear magnetic resonance (NMR) spectrum of amorphous atorvsatatin
calcium made in Example 1, Method B.

Figure 5 shows a solid state '9F nuclear magnetic resonance (NMR) spectrum of amorphous atorvastatin
calcium made in Example 3, Method A.
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Figure 3 shows a powder x-ray diffraction (XRD)
di ffract ogram of anorphous cal cium made in Exanple 1,
woRwhodgkh 1B Figure 4 shows a solid state 19F nurCEEB2005/003173
magneti c resonance (NVR) spectrum of anmorphous
atorvsatatin cal cium made in Exanple 1, Method B.
Figure 5 shows a solid st afe 19F nucl ear magneti c
resonance (NangeestsemipeioNOPTRRMMENTI@N vast at i n
cal cium made in Exanple 3, Method A DETAI LED
DESCRI PTI ON OF THE I NVENTION As wi || be recognized by
Ak e redoighieeibyittrost biliesirin thetahethe itinliaidrvagtagn semriawhiph is dissolved
ina swtatﬁggave‘ﬁt W‘N t?eﬂ Fﬁy rqbrgﬁ&#g}(c%‘flfohﬁ‘ sGEh3! f&éﬂ%brﬁplé Q:|r9é§5ﬂhe @BamdIBhous, as

I C orm such as,
ol cergasedrySiHb I GHERID AR rE gl SRy e SRRYLT By and th ke o any
combinatioh Yeteak. Atorldsaiti Magredaitydleprepateaisivr examplg sasalesgribed in United States

Patent N%t?%%o %g%e%ﬁ’ E?%?@%@%Tang R{gg?\}gg?m{:lhgre lin'cgrs?rg{‘a%ﬁ hefdh by reference. The

term "atopretgin’ idluddsdhe fesecasis ferm, salt fgwase pelvsEs: e aPéﬁO'SP%{P%%
Pharmacgﬂfcﬁﬁtacm{g’é%rbﬁséao@&én s Df atdrvaARinAPHiorneaaidvith s drSsfinines, such as

" alkali and: aélfa(ljrgwﬁq? ge{ %{:&tg%gggghgsl ?-_'F(%%plgseoff gw%BI%eamln-EQ% tl@f\l’m

dibenzyldtiliemsdiaraiod,\caibeproctiye cheligs, @npbmwmthlghexylamme ethylenediamine,
N- methylgﬂ@:{m G br‘a@ajlr{e%sé%c%? B AR BQ@%GS Addi 1) FhasRicbGicafSalts", J. of

vadtatin are formed with netals or am nes, such as
Pharm. Sgl.KIQFT: 6811t al kal i ne earth mat al salts or organic

lﬁ A5 folX aNgMdrestaii issidrvasidtie hemi-caesimagal trikiygdate and sold under the
tradenaan @?l éw@et hyI enedi am ne, chi oroprocal ne, choli ne,

noI am ne, dicycl ohexyl am ne, eth n
Teertermi'akel ru@t@i'hqtqfiéed prainpeieEae ﬁ@etaglg@ro%dg gtg%%,o ic table and

includes, B &¥8mplS: ium, 8bdigh, potasabmraﬁ”ﬁmémke cal Salts", J. of

'H}ed?rgg'éﬁgﬂa ﬁagrsmgtfal" S léss dal&eélrpljﬁgﬁs]ecg %gﬂtafl W(ﬂblﬂ:{ 1IA of the penc.>d|c table
and includes, tiyrérar e, aaldums obatiumngtontiynm anagpeiish aASHE [i8 TOR(r ) .

F%Qer:irrp(/%tll@béﬁél ds UTBY Réreind&ield 38 xR iRt fary tiblivies eVapoeate, or
nmeta erlio

s R Py LS LA ok A S
a tetraalfyiRenrhadium Hyaltoxide, soeh @a fdr lexanetie tetragtbylammmeniyie pyslr queef ers
tetrabut)}iagnrﬁo H}H ﬁSJdlgdxfae %@M@ lllll?ém‘a%f'lmﬁll?%nﬂ%r s b, 1draRarRpl@Mebnoethylamine,

monoetheaejrraise; mnoarﬁevlqnmo mqéee "k?h%setce?‘i%{ ¥ %ir‘gaﬂ“%“eas fé%%"g}“g
dlmethylbiﬁlﬁld disthgioRAminef @sthyldriné, dnmmlatrimt methyletgyldrhiner@nd the like, a tertiary

amine, ngl? ?ﬁog?tﬁ%‘m o argl%% H?ﬂ'%qlkg Uh E&zﬁk%@dl&ﬂiee' t her

r-conp for exa

areriors U gl spers 25 isadhoraIeIe) B SBHTE R AT st one hycrory
group, sA&HA, \%ﬁexafﬁbfe RAeTReBand|dthianel phauolyam therliey dr oxi de,

but
tgﬁe% T,r%gn 'lfjngﬁ ghé@'gpc ﬁog\'/:ermy g%ﬁ%ald%%reﬁﬂgfe sqﬁ %J)lbe%t wﬁcfpﬁde%&ycontam a

hydroxyrpaupesuch ae farexaraple, MBS rtelAny AR, "érﬁﬁfhb"ﬁlé”fql'ﬂ% N&-
dlmethy%c?é“t?ﬂg@,rl\fm %meﬂﬁ/lﬁgﬁéﬁliﬂe% esfté?rsuGPKerﬂJr GxanCHIéTﬁIe{Wl ataiattCethyl acetate,

am ne, di et ro
popyachit o SHSER AR S AP CRBOTS RN B LR Pl et g koo
and the fi%e, me@ib&aNe rthogybichzene (anisdle), lir@plopizenzenedcumene) and the like.

gﬁnégﬁgaonﬂd e é:g{gr%étgﬂ oryﬁgrphﬁf 'Qtow'%gflﬁééfélun‘i) a%Q}s%!&ﬁhtrem refers to

reinrefers to a sol vent contalnln | egst
differenidyyes lof/disassayéd fgmpplu@gmm@telwemor@@%pt@na ! @py amorp ous
materialTE. N2 Rkure 6 PAARMNe afd &R&BRUs, Bid@rkiamnd inksophases, e.g., liquid-crystal type
structures.
The terms "lyophilization” or "lyophilizing" or "freeze-drying" are used interchangeably and refer to

a process of freeze-drying a product under vacuum.
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The term "non- hydroxylic solvent” as used herein

refers to a solvent which does not contain a hydroxyl
w@e@p4618uch as, for exanple, DVSO tetrahydr oPCT/EB2005/003173

N- et hyl pyrrol i done, NLNdi net hyl acet am de,

N, N- di met hyl f ormam de, an ester, such as, for exanpl e,

net hyl acetate, ethyl acetate, propylacetate,

A%Rﬂ%d&ﬁ@ﬁa‘i @h&ihe @Hﬂuﬁtfdﬁadﬁd}rbl@us mal@ahlmmentsmehbaa@ardcwnzed by
acet

techmqueﬁgp% ip i 2B 5LC ?Fé&rﬁw% or 8 fltéXth k&'i &)Qtﬁte%{]geér%ghétié%sonance

nzene
(NMR) spbaascapydr ifenza teshifiguesshe) asai*fiffetnﬂaé SPW@Q capprimety (RC)-
Th@FBE(Q\'? PYUSHEh RIYASE BeitdaRienbdTalspdtas anddonditiastired subject, such as,

hyperlipidgmiasgdeF @?pséfcga%erplﬁ%|a|u%qt?r?§oreor81§rpqenprq Hogtglrlcel{l}éﬁrghégg %Blflq) and
AlzheimeP@disdasalvith pasrbhalk ynastetimdatiisn aedeserbadl abave fhat may be administered in
a solid dor?%é(et tld{[lr? co%am%gyas Ha r{wéc@@txcél%c@éﬁ?&[bﬂmﬂkf%r orafiGent ébﬁldr@brhtalﬁaj ina

st al e structures
therapeuiucmaqbag'epy@b Hiihe iKig g\py @ﬁludqjtlhe G%V&Bﬁf}gﬁ linﬁad a 8?ntamer Typtca‘ﬁy, the kit

includes difdcfiihg %r‘iﬂMlnl%ﬂatloabﬁthbl s6ghg furar Thagogiinet gandrdn eastentionahshapes or
forms, fo&,ed@r o ei}i&&? ocgjaggrﬁ;gij (#L)H |tP<98 rF%EaHFé caee8 Iilvh%ch is herein incorporated

eria mount o anDr{)PZg\sD K
by referenwit @ rigltss pwréa;rmn,tor a nbgterlpédt\ﬁ'ﬁ'r'%w‘&al dosaoa ) ResSHRf YRR &he Pac
accordlnéngthbﬁpéﬁlgs@(eﬁul@u‘:h as x-ray powder diffraction,
d state nuclear nagnetic resonance (NWR)
spectroscopy, or thermal techniques such as
X-RAY POWDER BIFFRACTEXNG®RPNg cal orinetry (DSC). The present

The X-rak EX\%& highchidh r{ﬁ{t@rﬁ 0 é?n&r?%u& hRakLEmBIH ca@funﬂ\wé‘sﬁﬁm%ﬁ oaunl a Bruker

1ons | a su

suc
5000 dfasiometn sisenoN B BhbAGUIFPEd b et Rl e were cotected
from 3.0 RS A6 @drdeshyiae ﬁl@taﬁ(QB)aJs(nBBH}epaHMé ofD.ohdegnams'apd d |s’@e a@e of 1.0

seconds}Mﬁg% dlﬁ%@g ggri f\] nn gﬁé LlaRefith q‘r}rﬁ‘ gihé‘ghe‘#tﬁz%ﬁl ng RRWa8 862 0.6 mm.

ere In a dosa

Difracted caviesiomarxlatecpsdy dioue T 416505 ANHTR BeEaid yag,anglyzed to cheok
the mstnﬂ‘héd’ﬂ glﬁqn@ﬂtd/lﬁfa v@&@&cﬁb&ﬁcﬂar{%ﬁn@lyﬁdﬁ&%a@ Buil&erd\){&sdﬁagle;‘kersnon 7.0.

I nc| ude e s
camp g0 gAY PR e Y R8P 4 2 Ay bm ot
that Brulasl lﬁsﬂllurﬁémsa[burMSQIme;m@sdﬂ)gsig@rlﬂl@f RPOOPjinstrement i eﬁgﬁn’u%lg(ﬁhe same as

conventional shapes or forms, for exanple,
aSmmaR? ?Pc as described in United States Patent 6, 688, 468
mhlch is herein incorporated by reference or a gl ass
" SOLAPSTATERUCLEAR RESONANGE (P8R NMR)h i ndi vi dual dosage

T e
carried oFihen XBrukgr-Beshirehvanier P$520 Mz B¥PEBYHOBP* A nor phous

ﬁbﬁ’rﬁ%ﬁ&{e@t 1Eﬂn§@f| sainpIVISRStighlly pecket] ot 2dm@ ZBP epierer fo5 eaxh sample
analyzeggfgb%plﬁlteg%i? %De(:tajw%e col%‘a %PZ%S@ an%%ﬁb%ﬂﬁqeé@ugbn a Bruker-

ected from 3
Biospin 26 nd0 BO cd:egp@mzaim nagis qng@tsamQIQQCPl%ﬁqﬁ @roge g?%ﬁ“%‘f iotQ adqnde-bore

Bruker—% %Ah ﬂ%ﬁ%@,ﬁﬁ%ﬁ%ﬁg\g@% ?g??ﬁéétﬁﬁeﬁi -\e\h/ee(r%gs‘ﬁEQWd@ .poditiahed at the magic
angle andhgpup é’t"ﬁ Q,W;gm’@mppr%golg%ﬁfq of\ frgyn rotons, %%?ers?(gnd%[gmhe AHaimum
specnfleﬁ @Qhrﬂﬁg @ﬁe&@ﬁthd efseh epinteys. al iédast pivilg speecpiniized Ape intensities of
the splngllnp aﬂﬁéﬁ‘? @Iogdé%mgé? @%)MEI@@ dbQupitg %kwlt Q@ndld"ﬁ?dnﬁ bo®AS. The

wer e col d and anal
numberf wieas weoE S BEhalkadsoion faeath SATS 1egiih Ble e SRR (S0

Typicaif,of50 %%%)a%kesacameral aabrg '°F hedqiditon A°Reak4ton inkseereweabured by an
CaVIt .

irsio oL 8 iR B e (6 S0P s et TR e s e

I'S
longest &Fgelatdtian tiye hhiee sanpie, ablclaergum@ﬁwlqggg@bquantltatlve spectra. A fluorine

probe background was subtracted in each alternate scan after presaturating the 9F signal. The spectra
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19F SCOLI D STATE NUCLEAR RESONANCE (19F SS NMR) The
sol i d-state nucl ear nmagnetic resonance spectra of the
wa@ewspaos forns of atorvastatin were carri ed PCI/IB20%003173
Br uker - Bi ospi n Avance DSX 500 MHz NMR spectroneter.
Approxi mately 15 ng of sanmple were tightly packed into
a 2.5 mm Zr O spi nner for edth sanpl e anal yzed.
were refe%‘x@ecﬁx%%'e%ﬂ"al shiplesd BRLiGraacsts id@iiiertd eabs MV BEIF0X setting its
nd_ambi ent pressure on a Bruker- Biospin 2.5 nm BL
resonance,tcbgg%apfa“ zati on magi ¢ angl e spinning CPMAS?‘ robe
Ipeifitst aspect of e preaentingentivoratorBisigiie IS-CES@B;?S! Iy a A Xpisygolvent,

such as, ﬁ)?gx%@ﬁ HMgoSaQ@%rnQéf%ﬁ Shisold th?etlﬁﬁ hase)ver (ﬁm’@ﬁfﬁlbdprmﬂbdnzene) or

e e ek gy conmor
pharmacglﬁhéalréuﬂblsmepd;&h eslalkizing bgant(s) ewidxifamt(s) hreslebgzqaiﬁq) may be added as

_needed. %rﬁ'ger}\%?arl Spnm FJ r@ﬁéol\ﬁem J‘uﬂhrﬂﬂat%ﬂﬁgg rrﬂé&%tlf%%r&chu@t temperature below

si’ties nni n%)f an s and c;) 08 g
the meltiag pais bf ibe agivent, éor gm 18 ﬁ@ r l:il@$oeqr§ﬂr§plg abqvg A0 econdary

drying is géﬁ&rrﬂ? § abolB The SHNRHE Mefth §&ﬁtn§sthféloWE¢P(V | PHealabyum during primary and
a for eac Sanp? to o

secondagy] g Hwa%beévgeﬂbabouf?ﬁpe 3‘)?%'(, 1 0095181' ol %r%%érq%&bgtween about 30 and .
about 2o@¢ﬂtd>trr &fne iP0dtemiriea bl He e equirent cort@fertypedx.as olags vials, stainless

steel trayfse%r}gﬁr V‘ﬁ(g? acrﬁﬁ&ﬁ uf s%ﬂlefﬁ%o g@ énﬂ)\(lg OSHdQHe éa‘?rﬁa%vtﬁﬁﬁ'guratlon (e g., sample

r each
thicknessjdjThss, w soli iy eadadite vie@ng Hﬁg@&'oafgim o éB?é%A@%f ?"Cﬂlae solution
frozen td apshteﬁ fonSaPRir& of a‘ﬁ@utCID°€R§Wpﬁmzaﬁ6mwa§$t&rtddm ®Ehelf temperature of about -
antitative spectra
24°C, folfuiog b 6D 3 B GRS EP ﬁﬁ%%ugd§§rﬁ‘3?*ie@r£%ﬁ s cHese ofE s bolow:
about 5¢ rhefo%%Ennijt ing dydR. TpE Ristiangansorprele atervesainuyeis migediat about 40°C

xt er nal e. of trlfl 0 ted to
for abou hgigs gy LB A, SR A ORF Blahiend idtuleflydt o o
Preferitsy, fiersiarting fpecestatis rspwetabn%gtemst@w@ﬁfhie@ﬁn hydroxylic solvent is

‘pMso. &torvastatin is dissolved in a non-hydroxyiic solvent,

?’;:J]tgg fﬁagg%%q%ég ﬁét?ggrgﬁerg ﬁ%lﬁ OEI ag%a}sgapg/ ls%SolQerd ";'i‘Q 'hgcﬂ’&@l ic solvent
such asj 80dXdinple, watetant eptiooallydutiersd withea buiterirgodoenl sysh @6.Herrexample,
Du|becco‘g %&?ﬁ)ﬂgtg)ﬁweréﬂ s%ne%ﬁ:ﬁ%nia%u%q S68Bhizin hoMigd édﬁ.lbtllzmg agent or a

ceuti cal excl ent n
mixture g@@h@)(l@g\g a@ﬁ’{quﬁbp%p@r{mwe gigHP £¢4) ﬁ%nq qlf 3 gpr?ag anL_aglchbag fongexample
polysorlﬁ@ﬁﬁ(Tﬂéem gffihe line, gesraplaling quentnaucl asl foriekamifs betaey¢lodextrins and

m natl.on hPRR U solvBRPSUCA b I6r example,
the like k?éiohwef FECTRS) %’r eX%mg é]ot‘? %@Qrﬁéﬁ é@qvent for. eﬁgn's le, P
methandl@nd B€ liker DVSO, preferably above _400C. Secondary

Gyl B{Iﬁglohﬁ’s iMed |Ef3rvf£%dst Y& dria@rosan & edut etd. i LygpHiliaitivh,was started at
usua

bel ow 600C. The vacuum durin
ashel temEORUEY 3 200 1R o5 ML P B o ABDEA OB AR 1B fP1owed B
drying algt%Qn J_Ir@TB@rfér ,abB\ited ﬂé@@lo}’aﬁbﬁiammhoabauﬁvaﬁﬁmand . about
m

éym'l?p Wﬁﬁpeckgﬁfeaqrﬁgpt "PVB éon( a%n}gﬁa’t nﬂ? dltséloR/Sd fﬂfa hydroxylic solvent, such
as, for esd'amplﬂj etter cotieieing am alja@izing agert, hsgch @sk@)' exagmgaum allgqh metal salt, for

exampl% A 610k sptngs Gte': 2 @TP% Qkk, @H glk&lhﬁe@l&ﬁ&’oﬂd& i lekhhifidl b hydroxide and

IC nes

| ut I
i lkey amakalresgesh eta sRhIox Paples CAHPR b Ge tefhe: G oy G i, o
examplélnﬁﬂe%d Bl ik, iopAavdidtizese tfor exawhle) dnrbavinpehystaside, mtraalkylammomum

hydrox@% gpa g}(ac[gpg? getngbé(tggrghpﬁ M%&%@xx%‘@ﬁdﬁﬁeﬁ% eeﬂse@t}inﬁ%rg%ef for example,

diethanslaine ane thedikaadarianpimiapdenexenee, ‘oo REN e 2R P “B‘ta“d anaryl
amine, %r@%%@b%ﬁlkaﬁun@m&me%dﬁ@nm Torr during the drying

The resul ti i
L T T
dryer aSV 8B solGtihrogsh to b eheliamapghtare c abaut #0TH. dwephiliz@joafwas glartgd ata shelf

the starting atorvastatin is crystalline atorvastatin
and the non-hydroxylic solvent is
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DMSO. In the second aspect of the present invention,
atorvastatin is dissolved in a hydroxylic solvent such
wa@sgosharoexanpl e, water and optionally buffer eRCTMR2005003173

bufferi ng agent, such as, for exanple, Dul becco's
phosphat e buffered saline ﬁolution containing a
sol ubi I'i zi ng agent. The sorubilizing agent or a

temperatu% SlabER -BbC R bbbt !33 RoundurRgeniasuird oC4AbastEIs0 it Tum. tThe resulting

roup consisting a surfact ﬁ%leﬁsuch as, for

ammphm@%ﬁ%“fﬁls@“n s §ise @baati"lét A8 TR and the like, a
P%@Miﬁﬁie%am@"ﬁgemmhﬁmnurﬁ salt, @ x@gEskim salt, a calcium salt,
monoethalnglﬁm é‘% rj{%ﬁ?a%%fé” "ok aas%gmr%[\g:gtoédh%t@ a polymer, such as,

the |ike, a h
Inctbe boftivaspect o the mreggnt mrgmﬂog@qpﬁs@tm f.?éj(lqsrglﬁ%ﬂ in gll?&dr?)méc solvent, suc

as, for exhrh§€ -waldd @on‘ié]thé b PRaringcdutidallgstebytatde witiakigant stobppdoranampld. 2
chelating gg@t f?g}teg%’fﬁa? eﬁtﬁfe etggeréeg gﬁfr%%txji%%ﬁ# ét%l(ggﬁﬁ é'tdehﬁet &, AtecFadical

hour s
scavengey fictexaraple,dttylataddiydrakyanisolg Qij-lA};Wyﬂateqz rgyp[o&ﬁgaer@ya U}a}}pqp@herol and

the like, o?%x &\t}lgéﬂ séct‘éf)(% { R t)ﬁ&@f%& éé)unhgéébﬁ)afeop(ﬂésfsmm(hs&fm@mse like. The
solution i$ ezen epdMoPhiizest {pflepcibpdh pregloxaa‘ )ngg g]e hésa aspﬁg’t & [;S%?e%nt invention.

roxyli
FS&IbrBtthe Si6KdSis BHArand X@mplvent iswater cont ai ni ng an

Cﬁ% rglaltuzrtla n%d%&%%lmelsny Sﬂh@ﬁverﬁl% wﬁ%%e%p &Bntddokahd following
¥ A Y a sodi.um te and the
exampleg Whieh are aiver fl@alllllls’ffﬁ*élndfﬂh?f)ﬂ&ﬁ”&r "ﬂ“é““gftg F“eé‘ﬁ%\ &> sodi um

hydroxi de and the |ike, an alkaline earth netal salt,

for exanple, calcium pho and the |i ke or an
am no acid, for exanple, Eﬂ?@? ﬁe and the |i

y
Rreparaiidreofiasmsuphdus atasesvinalclyBh TarAeTiTANg g frofe sajition of

dlmethyfﬁﬁﬁ%gkyl anmoni um hydr oxi de, for exanple,
t rabut yl ammoni um hydr oxi de and the |ike, a secondary
_i"h-%%\m ne, for exanple, diethanol amine and the i ke,

a
ct@sthlnr&ratomaua paléiom (UnitaskBlates Rafents. He8h50R 1P he mandpsidirgoived by
shaking |n ’of %H@thﬂ%ulﬁ)ﬁlﬁé f[ﬁ\ﬁ%d)e Thé S81utRX Whlﬁdedb@li mbkma ididition of DMSO

The sol ution S
and fntereqi thm@h ARE G PAR WP SYINgRR files Dt E%E'\%{ Lt“%‘i?"‘é g[%ss Q The -
unstoppér@tﬁ Paldvak rcﬁ@é@ﬁfo}é&fee@éﬂd'yéﬂ”(ﬂlrt&@ldu&ntage HL; Gadinet, NYpansiiied $olut|on was

frozen ataaf sl-gﬁ %lé;a?%%ﬁ ?(ggu ﬁ.éopgigl) izaljgn ow%{o&?wé ?gb@ggﬁﬁﬁeﬁatwe%f 12846 followed

by drymgflétlarsﬁelmd@éramreya@em emcbthera$fGu tPrass@e wa¥ belpw 5Gperorr during the drying

cycle. Ag%bc&naﬁyo ﬂ%gg Pagngg %cu?rﬁ Qby aatt h('j"C“f@'SB iﬂ)ﬁ?s@ﬂd&tva&b%uﬁ a vacuum

hour s. referably, the alkalizing
oven. agent is an alum numsalt, a magnesiumsalt, a cal cium

?ﬁé o W&%%%@s%?hl%d ﬁ)&i ixeDha0 FFES NIER. Tie powsleckRiiffraction
pattern ?hﬁ‘O’%‘ﬁ? ?%; brolggn B‘t?%}( @{nga(%;)%?x?r% | @230 Q% é@ﬂ% '[WI gltmo )é)hous solids (Figure
1). sol vent, such as, for exanple, water cont ai n| ng a

E Ce t“’ ﬁé 'ﬂ)ﬁﬁ%ﬁ)gﬁﬁhﬂp El@)w'ﬁr?ﬁ Eigorb Qafﬂ]e §;5é§’1ﬁ.lrﬁﬁas d Mbad peak at &
g agent, for exa C|t at ad noaks at
of approemawlse*rﬂ@mpmnmml@ thaidideamerPhRus dlopesst nﬁ) Caéﬁlﬂﬂn 't ‘P"i’ Rgad i

LES of afd £ ppRtady 88 &dinnidganexanpl e, butyl at ed
apprOXIrhy ?oxyanl soFi e (BHA), butyl ated hydroxytol uene,
Method B pha-t ocopherol and the iike, or an og%%en scavenger,

bwstammaammstamcmn alnttest Satee Patprs5:696 1 Bith 12068 8- y¥e &lisgelpd by
shaklng L he bk dSJ h’?hess%|u‘d'<fr{ \9& dllﬁtea fooﬁﬁﬂ b e ddﬁﬂ&hﬂ)ﬂDl\HﬂarﬁHlltered through

cribed previously first as
a 25 mm 028 gmtsyfingedinfiltes fnto lpqoesfr@lngBq txpe lt“ﬁ’é‘aéﬁ??sd’iﬁ?sd aﬁ%h Ylgl mcontalned
approxnﬁ\ﬁ% gté'ﬂﬁ o?&’clldf%mvaé Foaized as ddsbrided freadthodes and

{The lypIE\anTlegé\;q{gole \t/vgseanlaglz eJIg |\ W d b BERRE TRERRDMHrackibrPBBttern

showed a very broad peak from approximately 15-30 20 that is typical of amorphous solids (Figure 3).
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exanpl es which are given for illustration rather than

for limting its intended scope. Exanple 1 Preparation
wo@tocaimsiphous at orvastatin cal ci um by freeze- dPgi/mBR005/003173

froma solution of dinethyl sulfoxide. Method A

Crystalline atorvastatin czi\hci um (United States Patent

5,969, 156), 101 .2 ng, was dissolved by shaking in 3

T@E s sthdmett bsmnlsﬁgeewuqﬂs (RO FiguFaie. skl webmn &S broad peak at §

of approATARIL 17 ROTIBCATG it QPP ISR o P P Tt g0 EfoB ppaks o
approximEdelyrgt! ahy p45 pprit arbsidarspighiagigands.al . The : unstoppered
vial was |oaded into a freeze-dryer (Virtis Advantage
EL, Gardiner, NY) and the solution was frozen at a
shel f tenperature of -40P€MPBAPhIlization was started
F&&pa’iatﬁhﬁiffan{oeﬁmsaatm&tﬂfn calbhn by Freezeettying framanagugeusysolution

re of QC and then 5C. Pressure was
°°"ta'"'5%f’8°|ué@%n§‘? %# during the drying cycle. Additionally,
Method Ahe atorvastatin calciumwas dried at 400C for 6 hours

ngﬁrne\éﬁ&#ﬁém’nh BaldluM M%&mmate'ﬁfm%%(‘(mh 200.% &g, wasdidselved in

cpproxiay RUBt DRCEDE BRI CHB A Gy S B L 380 g of Twen

80. The afliptionxiagwteéd/io 166 BOWEHCPBfAaand tge ijrxabcpqggqantrg’qaong,me |§PI'5"LP§ contained 2
mg/ml ofsa(l)clrveﬁﬁatu( Eékg% €T ml a}r},@luﬁ’cﬁ‘\' Wé§ vﬁlhﬁbﬂcél@ File3ntOBmsERCTypE Mubular

gur e

glass viadp i IR 89\1\1 Mdeﬁ;opfirg-[ ﬁ%ﬁ? IB%QQ HL)J{odS lpé?ea{fen% were
partially mB&Hed hﬂ(blﬂhe a3l Tasviak lmredmpblllzmh us‘nﬁg e Vhrw)GQneglaa5 Bk HRezediryer

Gardln%m 88'“% &%}l}é\{v ng %Yc?éq garﬂ'p Wi GYef af '49‘% fRIwaA ’o{ﬂgacbé\ﬂ dfing at a

ne atorvastatin calcium (United
shelf tenfiteedti@s oPASETor #ppBYBIAKBEI2 MDUBOBERr ycUNEsf APSBJIOF &#O\m@ﬂ by drying at

srcro RSl o R o sa Lt Sr peebiuod o

atorvastaiih ogigiugn 'QEfoﬁVﬁe§yr| nge tip filter into two 5 m Flint
Method BYPE | tubul ar glass vials. Each vial which contained

ggtg &,yi:(IB%edc r1nﬁsy %ﬁowed fan hld;t»} a?ena It éfé/\%@? b 'infe%ﬁjon&(WFl) to afford a
20% w0t YCryGRBNer MBS IISER AR U SRR Ao S5 B e added to the
solution BAd 8 FiRal SHRMREhtiBN Mﬁﬁé’sdh!h@@éomfﬁﬁ 1D megiiap procvastatiitoalciam. The

solutlongl;/opﬁazz h%%scglggt% é%déﬁﬁ%’ @%?Mﬁzr%ﬁ ?éﬂeglﬂuc‘\ br%ﬁﬁseamorphous

atorvasthiirguatctird.  The spectrum has a broad peak at d of
approximately 113 ppmindicating that it is anorphous
atorvastatin calcium The_ two groad peaks at
approximately 8 1 and 145E m re side spinning bands.
El@m’f&tian 2f Bmephbas atorvasfatia malcpholusfrgﬁzgﬁmm fiem @ solution containing

a pharn&aocﬁyt(%tgﬁ%n QXcegEa%?{ﬁE?{z?ﬁ?%%gﬁtg dg?grﬁ%ﬁe?/ggﬁggsp\s ol ution
Method A

Crystalline atorvastatin calcium (United States Patent 5,969,156), 100.5 mg, was dissolved in
approximately 700 ml of deionized water and the pH adjusted to 8.53 by the addition of solutions of NaOH
and HCL. The solution was diluted to 1000 ml with deionized water. The solution was filtered through a
0.22 pm GV Durapore Stericup and filled at approximately 333 ml into 3 large flat bottom glass dishes.
The dishes were loaded into a freeze dryer (Virtis Genesis 25 EL, Gardiner, New York) and lyophilized
according to the following cycle: samples were frozen at -40°C followed by vacuum drying at a shelf
temperature of -15°C for approximately 93 hours, under vacuum at 150 m Torr, followed by drying at 40°C
for approximately 12 hours.

The resulting dried product was collected and analyzed by *F solid state NMR.
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Crystalline atorvastatin calcium (United States Patent
5,969, 156), 200.1 ng, was dissolved in approximately

wQ@ Qorio4@h9 Dul becco' s phosphat e buffered sal i nePEDIB2O 93173
(PBS) containing 5.03 g of Tween 80. The sol ution was
diluted to 100 mM w th PBS ?nd the final concentration
of the solution contained ﬂ'ng/n1 of atorvastatin

'ﬁ'@lsSﬁc}%te Proivm spebtnse Isléhb\mnm W@Sre\sahlhhﬁeﬁé’ctrmwhbg/a 6r|oladi pebk at § at
ass
cpproxg HaPP g HBL PR PEC PO A Bk by 77- 1

Method B2TR Fl uro Single Vent) were partially inserted into
%Qﬁal}{ﬁeaétérvas-lgﬁﬁ cé(léléﬂlnféuﬁﬁﬁ St FaARINt 5 38h 585 HYarti 0V § bil Bdium

nesi s freez
shosphalasg S 106N o UG | LR o s ere et e t aror
lyophiliz&Warvagiousmidrypstain catciuen. shel f t enperature of -15C for
approxi mately 22 hours under vacuum of 150 m Torr
followed by drying at 400C for approxi mately 12 hours.
The |yophilizer chamber W&MBatk filled with nitrogen.
anﬁh&u §f AHhSHpHESS AbivAstam 6AltIuMi Ly fisers iy, frdves koldtidh containing
clode #ln |sdghssolved in an appropriate
anfipXidaitaction (WFI) to afford a 20%
BétasQycindaatiinisdissolved igrap @ppippriafrcanzauet of wgteator inegtipndVirihto afford a

20% wivk &!i?nbérﬁr%tloﬁ %rﬁaﬂﬁ@%@ﬂﬁaséﬂ@@a%uﬁ@@)mtédSStaﬁﬁl egteht®,460456) is added to the

solution é%{ﬁg:ﬂg@? ag‘r%ent@pwflttar?so&@gg %cg]g%r&at h E)if tﬁtﬁﬁa S”: %tafcgﬂm Butylated
hydroxagisdiél (BHAN) isl dissblyepiniabhieed: scaistioniob®d2% nThdiottien ialyophilized as
describedif X % Y| A | 16 §ffor8 Qlﬁ%pmeg Bal&%c’ﬁ'cﬂ:ﬁmﬁé@ﬁ&ﬂ%‘é atorvastatin
atorvast atin cal ci um ExXanpl e 3 Preparation of
calciumanpr phous at orvastatin cal cium by freeze-drying froma
sol ution containing a pharmaceutically acceptabl e
al kal i zi ng agent or a buf @p Nethod A Crystalline
atorvastatin cal ci um (Uni & at es Pat ent 5,969, 156),
Miiing ofthe frapze-diied apoyhpus Rtpastadin Gy 700 nl  of
@?ée?@bﬁ’é?ﬂrﬁ’%f@ﬁs abdadidia caklumds wmméeakirigon8 obiBe bymrhdrepharmaceutical

motag? e 8 51 S P PR D5l n. o

milled neteriakdao be Watberf irddeesed iy 9. OuRj laragulationor pnarRruBlitAsE Leed to
Bgrig mgg il ed at approximately 333 ml into 3
manMaﬁ je ottom gl ass di shes. The di shes were | oaded
|nto a freeze dryer (Virtis Genesis 25 EL, Gardi ner,
Nesveras kd apssigrepihichinaedbeeo empldyatyn the le’h@"‘f@PB@mﬁm are used

therein %Q’ t% s of%?émbtﬁ)ﬁ aﬁ?ﬁ& of fri&86h, ahd t'n@l@% rﬁcﬂhtleﬁ%ﬁ din s U¥@ 61B4BA terms and

nmperat ure of - b
expressyppmﬁan@egwg@,emmrﬂse feﬂwaéthwa@aaH%S&f'befsoopm'eﬁsﬁfeef%f it being
recognifdl thARchcbpe ¢ tha im@nwdn iadited arrd limitpd anty byeihetigimé Hhicb toflew.

The resulting dried product was collected and anal yzed
by 19F solid state NVR The solid state 19F NWR
spectrumis shown in Figure 5. The spectrum has a
broad peak at d at approximately 113 ppmindicating
that it contains anorphous atorvastatin cal cium

Met hod B Crystal line atorvastatin cal cium (United
States Patent 5,969, 156), 1 g, and 0.1 g of sodi um
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phosphate are mxed in 100 M of DVMSO. The solution is
freeze-dried as described in Exanple 1 to afford
woO y@ploidivzed anor phous at orvastatin cal ci um BERenB2080003173
Preparati on of anorphous atorvastatin cal ci um by
freeze-drying froma solutign containing a
pharmaceutical Iy accept abl elZint i oxi dant .
Bet a- Cycl odextrin is dissgiymgd in an appropriate
anmount of water for injection (W) to afford a 20%
w w concentration. Crystalline atorvastatin cal cium
What is §ldimeti & St at es Pat ent 5, 969, 156) is added to the
solution and the final concentration of the solution
contained 10 ng/mM of atorvastatin calcium Butylated
1. Aypencessdern faing sippus dloyprYdB) SPEPTIBIRY achi eve a
@Pncebibsodlingaitorafstafin B2Poptidigly aobdtpiedniniasioh-ypouylid sobentds form a
descrlkﬁd in Exarrple 2, Method Ato afford a
| yopht P98 dake whi ch contains anor phous at orvastatin
tal ci yaphilZing thst seluBorvid afforsipaiskamorhops eleyesialin ed
anor phous atorvastatin cal ci um Freeze-dri ed anorphous

Shrasedl vem | HerTIbUe SR er e Ty oy S ERREF S
baililiziiglagyntj an apiwatizing agentodt amtmxu@nu @sd me@rqﬁdmre e «’fé‘déhezfé’“'
q"cﬁ&{ oL a) Eﬂs dl%@ﬁyl@hkdxﬁg material can be further

1‘ dsse ., wet granul ation or dry granul ation
and used to manuf acture a solid dosage form The terns
Ao ¥PEB FhinEmabhionk abvaastalrempesimd: oyed i n t he

f.Qr f

éiag g %Is?cgvu?é)ﬁﬁr\/d;é’(ﬁﬁﬁﬂ f ﬁk{dﬂ{jﬂc%@@&tmﬁ b gblnbn?z%gtaﬁéﬂfsan@

SCri tation theré I's no
it e nﬂMOE'N“Z'fIQﬁth oltigfs o afprdsaidamerhavs aionesiRlipr essi ons,
of excl uding equivalents of the features shown and

scr I bed

RSB Y Lo bbb AR AR b PR g o
@mblyolka}ndmweureﬂaerﬁef- whi ch foll ow. CLAIM5S What is clai msd
is 1. A process for forrri ng anor phous atorvast atin,

risin at or vas, tatln £ L\ i
”5596?8,5. PR AwEErRp ey WP 396 Pt AR BEplofEEnsiing of: 2
sodfadtanma complexiiiddgehty e pbrisdlvent; mgpotymer; Qmi lmtXtumﬁﬁ thegedhf f or d
sai d anorphous atorvastatin. 2. The pr ocess of Claim1l

wherein the _ex0|ﬁ|ent IS selectedfr 02%%}:' P Hing of:
donsrosessin Clsim 5 wharsin disi olublieiep 2p5BHE sal [RENE gioppyconsisting o
PYHSdrbat@Bo amtdycladestrint ; and m xtures there of and the
nonhydroxylic solvent is dinmethyl sulfoxide. 3. A

process for form ng anorphous atorvastatin conprising:
(Aerogsiss top forming armerahapg Stoatastatin ¢PmPrigiPer oxyl i ¢ sol vent

wht h QilS%élblH@htbﬂviétﬁ& iRg BydroxyRysbiveit)cohtyinip ah Bikaliaigg bient; and
5(O)l ut Ilyoph| |2|ngatLe SO|l9|0n % g’fom{do am'l lt‘lﬁ'loﬁé %Péé‘s%tfﬁt in.

N

©

»

o

12

N

8. The process of Claim 7 wherein the solvent is selected from the group consisting of: water, an

alcohol, and mixtures thereof.

9. The process of Claim 7 wherein the alkalizing agent is selected from the group consisting of: an
alkali metal salt; an alkali metal hydroxide; and alkaline earth metal salt; an alkaline earth metal

hydroxide; an amino acid; and a volatile base.

10. The process of Claim 9 wherein volatile base is selected from the group consisting of: ammonium
hydroxide; a tetraalkylammonium hydroxide; a secondary amine; a tertiary amine; an aryl amine;

and ammonium bicarbonate.
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11.

12.

13.

14.

15.

4. The process of Caim3 wherein the solvent is
sel ected froma group consisting of: water, an

w@b@elhed199 and m xtures thereof. 5. The processPOI/IE20e8/93173

3 wherein the solubilizing agent is selected fromthe
group consisting of: a surfagctant; a conpl exing agent;
a co-sojvent; a polyner; and m xtures thereof. 6. The
process of Claimb5 wherein the squbiIizing agent is

el ect ed om t r polysorbate 80
@??of’r%%‘?ﬁ f88{35<m’?9 ?wmorgho“i\at o &S:téss OHDE% S'? %)? hous
@) or veistolying aton@aigiin @idray: anfierjdagl lggavdrw@c VEPivelst at i n
b a ipa(;sﬂﬁn%g({hbeonﬁﬁan\ts Bifor€ 8414 @hétbRdis afonabised. i zi ng
agent; and (b) lyophilizing the solution to afford
sai d anor phous atorvastatin. 8. The process of daim7
Viepredens bdfGiaimdi whaitein tse Byeregicedivent graetehied §pro iy group consisting of:
fd mdRt&merdst. @l cohol , and m xtures
?g@%k&%lgckg procégs of Cla|n17 wherein the
aIkaI|Z|ng agent is selected fromthe group consisting
Phe praébsabﬂ(azhlﬂn Imeihateinstad tntiogitard Islealettedizora hetyyalip crnsiting of: a
nd al kal i.n I B gﬁ%ﬁ@
A B et A BB B i Alf oL £l TR
process of Claim9 wherein volatile base is selected

Irﬁ?ﬂ’o&%'é@ ofIEI1 AP 3Q@1@$élr$thé Blﬁblaﬁfmg aguiiie BbIbdred iyl B igeb@p cansisting of: a
eltraa

OXi . a secondary amine; a
Fipte; apd f¥rﬁfﬁp?ﬁj§a}m"&eﬁ&§¥§fft'c i h e: and ammmoni um
bi carbonate. 11. The process for formn ng anmorphous
éﬂm@ h%assk 3t ¢l5\m°f%'m{el'e‘ﬂ G freé %)jlcéhsﬁ,é)@héer RGeRbIRH #&A tridtdréup consisting

an ant| o C_ SO
Py By eR YRR & e DIAPATr g i Wiz Hfgatibh soavenger s
atlectadhisdnathi grouf 2onsibivey @ir sodiemsascdrba@k; andpdidssivimeasedrhatehe
hydr oxylic solvent is selected fromthe group
consi sting of: water, an al cohol, and m xtures
thereof. 13. The process of Claim 1l wherein the
antioxidant is selected fromthe group consisting of:
a chelating agent; a free-radical scavenger; and an
oxygen scavenger, or a mxture thereof. 14. The
process of Claim 13 wherein the chelating agent is
selected fromthe group consisting of: a citrate; and
et hyl enedi am netetraacetic acid. 15. The process of
Claim 13 wherein the free radical scavenger is
selected fromthe group consisting of: butyl ated
hydr oxyani sol e and butyl ated hydroxytol uene and
wherei n the oxygen scavenger is selected fromthe
group consisting of: sodium ascorbate; and potassi um
ascor bat e.




