10

15

20

PROCESS FOR FORM NG AMORPHOUS ATORVASTATI N CALClI UM

FI ELD OF THE | NVENTI ON The invention relates to
woe@sasses for form ng anor phous atorvastati n BYT/IB2005/000884

precipitating atorvastatin froma solution using a

aon- SOEIR\S'@\FQS %Qﬁtﬁaﬁkﬁ!ﬂ AﬁOMBQXMIOh%A§@AﬁnEALCIUM

BACKGROUND OF THE | NVENTI ON The conversi on of

3- hydr oxy- 3- et hyl gl ut aryl - coenzyme A (HMG CoA) to

meval onate is an early and rate-limting step in the

chol esterol biosynthetic pathway. This step is

catal yzed by the enzynme HMG CoA reductase. Statins

i nhi bit HVG CoA r #HEicD &ETHEIMVCENAION ng thi s

conversion. As such, statins are collectively potent

lipid |lowering agents. Atorvastatin calciumis

leJe r TRO b ¥nti 18 tb- bRICEQEs £t FortPitigtndrPRoNRfivashtilByTe

pre¢iRitatittg) Jtoyagtatin frgmrwﬂwmpl using, adh di-sgkyenigontaiting gihydrppylic
! et hyl) - 3- phenyl -

50 Ye(nﬁhenyl am no) car bonyl ]-IH pyrrole-l-heptanoic acid
calciumsalt (2:1) trihydrate and the fornul a
At orvastatin andg%har maceuti cal ly acce%t able salts

t hereof are sebé UDSHRE(THENVENTEPNor s of

apot n EEHt ot lnéy-%%ﬁa%% PhERIASh AR (B Reay o

meaalbquisl 4ol cdhelyiand mdﬂinﬁtihg/aep mahesdhetssteeol tosygédrtic pathway.
as in the treatmen t eopor osi beni.gn -

Thig rsz?gtl%ﬂt@ng@f %‘P §87YANY ﬁbﬁf@ C%ﬁ*df@&fufr?é&% né’fat@s &?@@5@1@&%

redplé’t'ragéeqrorﬁfcaﬁ grgtﬁlsw@erglaﬁ ugdsdig cétaﬁisrbge BSIRYRSlY %tem lipid

ations atorvastatin, as well as processes and
loWeeiyngiagerés medi ates for preparing atorvast atin. These

SRS e
RPRE ; 3, 793
e S ST e

[(pEerAlYﬁmﬁﬁ)baﬂﬁnyBQI{Spﬁml&,lmwﬁ@ﬂ:; acid calcium salt (2 1) tnhydrate and

the formula

C a2+

Atorvastatin and pharmaceutically accepta’ble salts thereof are selective,

competitive inhibitors of HMG-CoA reductase. A such, atorvastatin calcium is a



10

15

20

25

30

5, 510, 488; 5, 686, 104; 5,998, 633; 6,087,511; 6, 126, 971;
6,433 ,213; and 6, 476, 235, which are herein

w0 ponpoiat ed by reference. Additionally, a nupdEIB2065/000884
publ i shed International Patent Applications and
patents have disclosed crystalline forms of
atorvastatin, as well as processes for preparing
anmor phous atorvastatin. These include: US Patent

potsntdmd loyypringgompeynd %1115 thys uselphss Fhpoligtfenic

R o) %E‘?%&%S%%%@%%@”ﬁ?g%%? %é%*‘%m

hy[ﬁﬁ]bl@ﬁé%ﬁﬂ?ﬂ) Md APheiBRB88isead® 03/ 011826; WO 03/ 050085

; WD, 03/ 72; .and, WO 04/ 922053, It has bee ¢l os

t hat* 1t Hﬁ? ﬁ‘&&&a‘feo‘??’r\fgg’isc SH AP EFSLEASPHY I%BS%’PH (Bdt
atof aktafh SR tw el a%%ﬁ‘bégsééé Mng ﬁﬁaélﬁ{e'dﬁattéscf& ﬁ"h‘i{)ahﬁ %Rﬁ?astatm

cases differ&nt bioavailability patterns corrpared

Th@ﬂq:emdu@ﬁstTélllltadlﬁalﬁ@Pmem{&mbeﬂ 4,68C188% 5. PHAM0; BAOS, 080

SO DA S P R Ay SBRC R L GV 048248793

5, 2@0 0241639780} 51,342)952 |5r298163303 M4 051 5ATe DI AP 4886901 3,489,691;
vant ageous roduce atorvast atin fornmul ations in

5 SEPHRBS oy 99&@33”6 O BHol26.95k £33 125; ki@l 8235, which

Qﬂ? s of atorvastatin (e.g., acute
th%feenf&g&?gﬁ# tren sghaw ng strokes as described in
Tak AmlditmnalM, a erhEr of(pubhlBM(h@lmmmldﬂal, PdteapbApMicatiGhs and

Tak kaze : Li.ao, Jour nal of
Pat@“? hpvey 12‘1 msg%lf m%s%amﬂ@e@tlms W%IA%P@&SSF?S%P

prerb%@ﬁgjalﬁ ﬁBustftoﬁBEthffﬁ U ¥hdiB¥ndhicD 'L%‘Pé(teﬁ?@ @%9 98! US1®,121,461;

roving the efficacy of atorvastatin.
USps, %7596 Vo0 0df3688br WIebX4 B3y mﬂat%ﬁﬁhaw(b 02M43732; WO

2B W 0215842350 o R PR P o Dot o

OZI@E%WW(QDQIDSBBWWDM@ 18D eewd 03/850)85t; WO 0BRoFoTMind WO
hous at or vast at i n, Lin et al. disclose that

04/@2 3a| line atorvastatin is dissolved in a
nontyRPRaoR8 e fHSipud bhht &Y LRE SEed i pria
diffdi)@mdisbélhtlbﬁ clredt@istidp allityln some cases dlfferent bioavailability patterns
compared to the crystalline form (Konno T., Chem. Pharm. Bull., 1990;38:2003-2007).
For some therapeutic indications one bioavailability pattern rmay be favored over

another.

Variations in dissolution rates can make it advantageous to produce atorvastatin
formulations in either crystalline or amorphous forms. For example, for some potential
uses of atorvastatin (e.g., acute treatment of patients having strokes as described in
Takemoto, M.; Node, K.; Nakagami, H.; Liao, Y.; Grimm, M.; Takemoto, Y.; Kitakaze,
M.; Liao, J.K., Journal of Clinical Investigation, 2001; 108(10): 1429-1437) a rapid
onset of activity may be highly beneficial in improving the efficacy of atorvastatin.

The preparation of amorphous atorvastatin has been previously disclosed. For
example, Lin et al., U.S. Patent No. 6,087,511 disclose forming amorphous atorvastatin
from crystalline atorvastatin. To form amorphous atorvastatin, Lin et al. disclose that

crystalline atorvastatin is dissolved in a non-hydroxylic solvent such as tetrahydrofuran.
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nmechani cal agitation to afford anorphous atorvastatin.
WO 00/ 71116 al so di scl oses form ng anor phous

w@r@saestat i n usi ng a nonhydroxylic sol vent. VELT/IB2005/000884
01/ 28999 di scl oses a process for form ng anor phous
atorvastatin by recrystallization of crude
atorvastatin froman organi ¢ sol vent which conprises

di ssol vi ng crude anorphous atorvastatin calciumin a
The pehydPkdifolol eahisaPmPyef o produse ARt igpam hat i broken prby

me&{an%défg%lﬁa'u%ﬁ@@h oﬁd%?&rgﬁb%@%io?@astame amor phous
orvastatin calcium1s precipitated after cooli ng. WO
01/ %a200/7d1 & hles dsclpsafamiing amorphphoa®rabdatiraadiag & nony

re ating the atorvastatin using a solvent in
h.‘/f§m§ %S’i"(?P bastatin is insoluble or very slightly

sol yih @1/2f89mﬁcl§%slétﬂr8&s§)for 262448 ahndip MoudtiiGadtfin by
provided wth a solvent in which atorvastatin is
recfystdlization blibiude at@tr@fswnnémnsm organis sphyemt whiich comprises
s R R o b BB R B BB R 2
carBbM AtBfHs 0P hQRIRERE 6 ﬁ@h alaB6lY Ghil heing2 MITHeN@MISphous atorvastatin
atorvastatin invol ve solvents which are not optinal
calejy® is pracepitagad: aftep codimng; r onrrent al concerns. In
addi n r t
o o5 R0 AR g B Pt e e
atohak@€én slsmga sﬁW&hﬁﬁSwlﬁch ﬂ'ibﬁfaahmi &, insdieble drevery siighaly soluble,

contl nu need for |nproved nethods for pre aration
fropy a SR POTARYFHIMY ISR I PIOYORMARY 2RIVt 1R qtesyaptatin is
fre%l'(g sSfub RS %@ferr@& sONENRIERELH aloRVRRkh R o@t‘i‘tﬁ@ ﬁ§:°fucfe%w
m ng anor phous atorvastatin conprisin st eps

moﬁcula@a@elgtakohwlsrfgg abasharmb st étharioh. a sol vent to forma

comhee ST ArorgheS BB OB THIPOR A1V S pahtolyg solvents

whﬁfhfesé HoPdPRinPi QUS tPloRICH O awlfbnrdeﬁta@c&{c%rﬁg I BchdaBidhO Burrent
he non-solvent that iS5 used preci pi tate anorphous

processes are not optimal in terms of productlon capabilities and are not suitable for

large scale synthesis. Therefore, there remains a continuing need for improved methods

for preparation of amorphous atorvastatin.
SUMMARY OF THE INVENTION

A first aspect of the present invention is a process fox forming amorphous
atorvastatin comprising the steps of: (2) dissolving atorvastatin in a solvent to form a
solution; and b) adding the solution to a mixture comprising a non-solvent and a
hydroxylic solvent to afford amorphous atorvastatin.

In a preferred method, the non-solvent that is used to precipitate amorphous
atorvastatin calcium comprises an aliphatic or alkane solvent, such as, for example,
heptane, heptanes, hexane, and the like in combination with a soluble/miscible
hydroxylic solvent, such as, for example, 2-propanol.

We have unexpectedly found that the addition of a symall amount of a hydroxylic

solvent in the non-solvent can be employed to improve the precipitation and formation
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atorvastatin cal ciumconprises an aliphatic or al kane

sol vent, such as, for exanple, heptane, heptanes,
whewane3iand the Iike in conbination with a  PCT/IB2005/000884

sol ubl e/ m sci bl e hydroxylic solvent, such as, for

exanpl e, 2-propanol. W havi unexpect edly found t hat

the addition of a small ampunt of a hydroxylic soI vent

in the non-sol vent can _be enployed to inprove t
of @m@@h@m& %@ﬁvaﬁatahf@l%mné\@m@ﬁewfa??élryp%agpléwé %@%ﬁ fprmed

wh%fi‘lc g&]v a?ol?l?lﬁ'g b m"ﬁrﬁgpﬂﬁﬂ USndh dl%gs g:ree'lyS soluble

ent e atorvastatin calciumis ved in
sols@ltdndds addeditan mbngohreﬂtro@etagmisg Embll qum)ﬂm@mf a I@raldoch
to a on soI ent. cont aj ni ng mal | antiti. s of

add
solyerfy S"Pem P HE SolvRRt 1 Ll R %9 leP@r%Vd

mo'ré‘oit e félﬁﬂvﬁg h&ﬂ%ﬂiagﬁ@ XTlH:rl?se REQ 'fygﬁy?(%f?@ %oWenf‘MsechQ delfi@nal
ol | om ng advant ages. The use o ydroxylic sol vent

admgtge Itfeat &lekcinodrpinals awvmc‘ttag@lmlhatdwmtaﬁwﬂcﬁh geastor walls which

reaaﬁ VCaSt ah ﬁa%Ci Lirg d Ve tnOt Stel S d ﬁ Cl\l\@l TOCE

¥ R-HR AT § OLRLYS eeﬁ‘ 5 VB |PEII§O U BHCHTEH R PrOcess:

In RAERSEH) kthekthdINghriidl€ sié asHidddalyl tRO pREPUEEDN proceds ildviaess the
the snal | particle size achieved by the precipitation

neqﬁrf@é a &lling| stap; thewdby rediciedle pember gfiuniti PREratieys in production of
the B%f n&&ﬁéﬂaﬁ% e ”ﬂ}é@gog%{s a?ﬁ%r&%&% ?z{ar?te%fsfé}fiel%ﬁrepggrtant in

CtIO materi a

thqqmmﬁs@n@tﬂMgﬁ Qoettiey & aaxdrpiesus|ayoriaspeint ant comnbdreial or factory
production of large quantities of anorphous
Scaé? orvastatin on a commercial or factory scal e. The use

m%@@@%&éﬁu‘é%&r@&tﬁl reat%% BiYe %)P&ee’g OFHE Prd3bnt

the pr esent ention in u 5ef rms 1s

invdhsal oot dqsagecfpanaiisrt@sclcisemmppnéwg,l agriethopdyt assigned patent
{ titled."P t Co

oA BHS Bt Ram R sHl LRSI SnSEr b EHomey fogket

nuﬁ{ggibp(gz%m L tRRDeASpect pf the present invention is
a therapeutic package or kit suitable for comerci al

sal & se@gmbaspsqttmé th; prom’amemum aahqramlapmwk@gﬁ <|>1yk1t suitable
fofiopiieguF el SiPbribe ATRLBREN L Rt BR AR Fliciol Bpcoeof
amléSpHds alpvRRAGH Salcium.

A third aspect of the present invention is a method of using amorphous
atorvastatin calcium to treat subjects suffering from hypercholesterolemia and/or
hyperlipidemia, osteoporosis, benign prostatic hyperplasia (BPH) and Alzheimer's
disease.

The foregoing and other objectives, features and advantages of the invention
will be more readily understood upon consideration of the following detailed

description of the invention.
BRIEF DESCRIPTION OF THE DRA WINGS

Figure 1 shows a powder X-ray diffraction (PXRD) diffractogram of amorphous

atorvastatin calcium made in Example 1.
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atorvastatin calciumto treat subjects suffering from
hyper chol esterol em a and/ or hyperli pi dem a,
W@2i080pBIDSi S, benign prostatic hyperpl asi a CBRE)/1BE20e5/000884
Al zhei mer' s di sease. The foregoi ng and ot her
obj ectives, features and ad\éant ages of the invention
Wi Il be nore readily understood upon consi deration of
the follow.n detal I ed descr t| on of the invention.
BREF DESCRPIE%P ws a
powder X-ray di ffractl on (PXRD) di ffract ogr am of
anor phous atorvastatin cal cium nade i n Exanpl e
1. DE'ENMEEBr@E@ﬁRb&’By @dseRkiTIEHE N Ny BTN nisal \a/'tdrizasltzein which is

. recogni zed ose skjlled int art, tine jnit
dlsé‘%elkﬂ? NG sytp C\Rﬁ VER! [Py ?g’saé’iyé%‘apg‘ﬁo%}% F‘i!rgb?”@hsaéi éﬁ’fample

crySBYine&r lafhoBFhouS iR &%é@heré@&ﬁ‘sﬁﬁ Ch AR crfy&Ellseﬁfl@m &ystals,

crystal i ne or anorphous, as wel'l as disordered
mesopasesl and the dilie.corany sombimation tdn;e,rqoé Atgstasiagin may readily be

he. | ik i natipn t :

PR SE F S POy eraingry Usted S PR B R
5,298 905 lah€ 6,960,156 whesh 26 atc@Sporat&Rdreid R eferehcd SThSRem
5,273,995 and 5, 969, 156 whi ch are i ncor porated herein

“atprvagthén cimekidesTihe freeragic fatmo, sali Sorms, solviatas) hrbsates prd f r ee

po%ﬁ‘} gll)_rl'LsO rlmanﬁ ehtléa(ﬂ ep?éﬂl%’ BisE %ddlla%(lq E%gg éf %gv a’gn{l are. formed

arna acce ase a
withahétals of aﬂﬁan vashat alka}ihﬁd ﬁl&ﬁ]ﬁf&ﬂemtlﬂiem &l Grgadic amines.
am nes h as alkali and alkaline earth netals or

Exgngle ﬁioﬁmﬁ ~°nlé9§=d agg%ﬂﬁ;qs&e sodim potassiepdnagnesiym. Galeium,and
RS R ShitlBlc IRARC RN - Bfefd i At aldiine, K€

e am nes are
Ch]Nf‘GInid)dJIﬁl‘eZ ylhcdhiaydi1ethmdolarmrmed1cy¢ibhﬂquanmnw pihylenhdiamme, N-

%ﬁgé Hg:aﬁr})gl:ng m%cal ? {el( g %Olply | enﬁgllﬁiannaceutlcal

SalReT 9&f PRath. SEt 197 66:1F, har maceuti cal Sal ts",
Pharm ScL, 1977, 66:1 Apreferredformof

at ovprefeatedrfoing oaator\ma@tlaus giorfyestitinclad i-galcian salt trihydrate, sold

unaer tﬁlé/ &ad3l e icﬂ’ﬂ"OR@

The term "alkane" as used herein refers to a straight or branched aliphatic
hydrocarbon of from six to ten carbon atoms, such as, for example hexane, heptane,
heptanes, and the like.

The term "alkanol" as used herein refers to an "allkane" as defined above of from
one to six carbon atoms containing one or more hydroxyl groups, such as, for example,
1-propanol, 2-propanol, and the like.

The term "cycloalkane" as used herein refers to a hydrocarbon ring containing
five to eight carbon atoms, such as, for example, cyclohexane, cycloheptane, and the
like.

Amorphous atorvastatin calcium is formed by pre cipitation by a process in
which a solution of atorvastatin calcium is added to a nora-solvent mixture comprising a
non-polar solvent and a hydroxylic co-solvent. Solvents suitable for dissolving
atorvastatin calcium include, for example, polar organic solvents in which atorvastatin

calcium is soluble. Non-solvents suitable for use in the present process include alkanes
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under the tradenanme LIPITOR(r). The term "al kane" as

used herein refers to a straight or branched aliphatic
whyasoesidhon of fromsix to ten carbon atons, BUDIB2865/000884

for exanpl e hexane, heptane, heptanes, and the I|ike.

The term "al kanol " as used herein refers to an

"al kane" as defined above of fromone to six carbon

atons contai ning one or nore hydroxyl gro such as,
andiqihergyorrgolas and 1qyy B@aﬂm solvgnist. G éf’r’ oraﬁ@mnlzfe hexane, hepigne,

hep a‘?%g‘anﬁ él‘ﬂ?el Fﬁcn ka%%s Léﬁagash &P EXarh %ﬁldh%x e and the like, as

r‘'ocarbon fing containing five to ei
weldhoother sancpolasandflow-pekasplven ts; yadhodse foramemple, toluene isopropyl

cth et ks R ARGy NSPESHSOIRIPORbY G PrRSaR e include
orghfit %Blv@n@ ebithinBiE AE R LR Bydr Ry chRipe! YBlvests 3Gk fR 2

non- sol vent m xt'ure conpri’sing a non-pol ar sol vent and
dlssa)llhtycdlrcramuelany saveslivwhich tBoh vamasatsuistsabibe. fRyeferably,

di I | ud le, .
stogR AR B D apieest ey o o bt e BARGTufp m he
disdotvin koIRbiet. PRIBBI| theRbEefitul AR folhele Wistea boilinh ?omt of 150°C

present process include al kanesand ot her non-polar_ and

or lbs;fw Ip afidition.ythe slvesyi skould heve eadativedy lowy bamitity anddezkle to be
remov@d? TOM the%ﬁf ?ggx%ﬁs a@ﬂgﬁ{ggg ﬁée aklgv (}ci%(#lg ?&%@ﬂ@%sacgg&? g to The

Intﬁhﬁtﬁfnaﬂ@ﬁmﬁﬁitw orﬁHﬁi‘nhdh\ﬁ&aﬂOh QICEI@ uelslises. Remhovas of sf(beent to
exanpl e, toluene, isopro et her and the l'ike
this-{pielgnapl 1eguist? FEhieanes RAFEE BFD 56 45 fqrisgatgples y-drying.

Pre?}%r?egﬁﬁ%ghﬂﬁhlégﬁeﬁg Q&'iﬂc%o Vlg%t%g&pg% qapébrﬁﬂdfuffﬁ&noye or

roxyl groups ita
meﬂiyﬂ;lsmhh.ﬁdmfnrananemaeanythskﬁthﬂ]ketone veinidc¢he tikee Preferred non-

atorvastatln is soluble. Preferabl torv [ h
sl g contay 2 eptn ey L selRt Sabsuch 4 For
zln‘ﬁlﬂt%the tafit ¥Bnthininae Qﬁa‘;p@laml@g ob® hy%kyhg’ﬁ(ﬂ{l&{t@@&lyas tdre
solvent 1s also volatile with a 1g poi nt of 1500C
o

exmplbmlkannl baying from, one fhesis giaybfm atgmsu ekauple, 2-propanol.
reI glve | ow t.oxi ci

t he Thiro b et Grbdet St Bl & el R B dor e
whathGeRtARIPsoRIOr PhafeirddPsolve@ts include, for example, aprotic polar

solvents, such as, for example, tetrahydrofuran (THF), 2-methyltetrahydrofuran,
acetone, methylethyl ketone, and the like. The most preferred solvent is THF.

The preferred concentrations of atorv-astatin in the dissolving solvent are
determined by the solubilities of atorvastatin. calcium in the dissolving solvent. For
THEF the range of concentrations suitable for the present process are between about 8
and about 20 ml solvent per gram of atorvastatin calcium. The preferred solvent
concentration is about 10 mL of solvent per gram of atorvastatin calcium.

The non-solvent used in the present process is a solvent in which atorvastatin
calcium is insoluble or only slightly soluble. Preferred non-solvents include, for
example, an alkane, such as, for example, hexane, heptane, heptanes, octane, and the
like or a cycloalkane, such as, for example, cyclohexane, in combination with a small
quantity of a hydroxylic solvent, such as, for- example, an alkanol having from one to

six carbon atoms and which is miscible with the non-solvent. The more preferred non-
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International Commttee on Harnonization (ICH)
gui deli nes. Renoval of solvent to this | evel may
WO e@sie15 subsequent processing step such as,PEDIB2005/000884
exanpl e, tray-drying. Preferred dissolution solvents
i ncl ude, for ex:anple, tetrayhydrof uran, 2-
nmet hyl t et r ahydr of uran, acetone, nethyl ethyl ketone,
and the like. Preferred nonsolvent m xtures contain. a

solygnk inghuidephexgne dieRiine hoptaas) ad the ke apg therfpos pegfered

60, AR5, LA, AU e o
solvemv isrtgpfane amdthe rhaost preferceakthpdroayliarslvémiis 2speophel, The

2- l.. Thus, i h , [
Gt BN B Sy o e B R RSl e R b 5

abduf $%/ B RAhHE! Ehe FreBrabIE 8thoSRAt Y¥ERYdEok PIEd 6ot {bout 1 to about 3
exanpl’e, aprotic polar solvents,” such as, for exanple,

%.t et rahydrofuran (THF), 2-methyltetrahydrofuran,
{

acet.one hyl et hyl ket on and the like, .The no

o B St e s Wend SRR Tot 86 pote " Faanbl Sl capganee
fro@fab8tor Vb tndhisdlvent At atirsesthtih Bacied ¥eHouB6@mL of non-

determined by the solubilities of atorvastatin.

solyenit/giof pioryesidiia cgleiupl FhepreEerrod pen-selypntpgueeriratipn jbout 30
0 [WeJe itable for the present process are
%{%%8%%%&@%%@&3 out 20 m sol vent per gram of
at oPrefshisle tginadtatey for chhgings ebitcthe eebcimtavientof amorphous

concentration is about 10 nl of solyent per gram of
atoa\taét@vlagalawrrhw@gw&emgowt@ G&ﬁ_@@%@é&- R aort of grred
tonBe R rarle 46 86k 1 3°ioMolRbec N Whi ch at or vastatin

alcirumis 1nsoluble or only slightly sol uble.
Pr eThe pettrada additive masle intol adibthe fsolutior @fploeyastatin calcium to the

al kane, .such i | e, hept , .
o sex O potinin iy SREE tieac BARGSe ot B SRR puandisy ofhe
hy<ﬁ*§x3(lfco§olv%ﬁﬁ MPheEstrdny GriRitXBREs fdr Pré&c@pibitidatdf amhorpHos atorvastatin
smal | quantity of a hydroxylic Solvent, such as, for

caleixaipgeneralty piiokiied bytaddinggh ¢ solwtion ef aloredsiatis splsonn to the non-

atons_and. which i.s m.scible wt -S0
solfRamsPRF wh el brishelt Dbt Eel b ARER e Ploter e
addiget amess toadd thdéolhtideeroansin bhgolehto et ab&itr&dninutes to about 8
hydr oxyli c sol vent additives include 2-propanol or

hours n b &1967 prefared pgditiop tiancdsy ahguh b # alpapé Athouss. hept ane

g?g}?%éggrﬁgﬁ&f’éofﬁiégfifﬁéf&ﬂw% 02 ehdn SRY BRGur'tS greater than about 4

hours. The preferred isolation temperature range is between about —10°C and about

30°C. The most preferred isolation temperature is between about 0°C to about 20°C.
The preferred final stir time prior to isolation is typically less than about 8 hours. The
more preferred final stir time is less than about 4 hours.

A key feature of the present invention is the use of a non-solvent containing a
small quantity of a hydroxylic solvent that aids in the formation of the precipitated
amorphous atorvastatin calcium. Incorporation of the hydroxylic solvent in the non-
solvent affords precipitated amorphous atorvastatin calcium particles which do not stick
to the reactor walls or other internal compomnents. This is especially important in
preparing large scale quantities of amorphous atorvastatin. The addition of a hydroxylic

solvent in small quantities provides sufficient hydroxyl groups that prevent the
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anmount of the hydroxylic solvent present in the
non-sol vent can range fromabout 0.5 to about 5% by

wao etoaren313dThe pref erabl e anount of hydroxylic sSPCTEB2OI®0884
about 1 to about 3 % The preferable non-solvent
concentration for the preci pétatl on process can range
from about 15 nL non-solvent /g of atorvast atin
cal ciumto about 60 nL of nonsol vent/

intespqsiopad Mnding:tg)ths HaTtoriatemiads Bichag Sﬂ%fwl gfﬂ%m a glass lined

‘e &8Fc_entrat| on is about 30 nL per gram of atorvastatin
alcium Preferable tenperatures for carrying out the
pr eTheamatrit @ﬁ coyStalimer placus] ptesentas thet riesulted ahomphoss product is

e Tt R o5 e T
pre%r%lg haRh& 99 q¢bd bR FBHBA g°‘p1to@ué‘{qg afﬂ%ﬁ%lﬁﬂls biftdr Qe @pitation by

atorvastatin calciumto the non-sol ven m xt ure
addigont of mqhgmmfatdrmsmt@n mtcylcd wal-$cdvent anigtuge- siyaoiphous material,
The

o Bt L S R e T

kndévd i M8 ait SudeRgodldedy <P \diHRdtibY cAddilographe s6Bd bhieditclear
of atorvastatin calciumto the nonsol vent m xture thus

magmﬁ@rramnngcea(%h FeCiTOIeIPYo Pr thepapldachnigies sych apifferential
Scagg% %r{o%gn ?tg,qbfstgn time is to add the solution to the

Non¢ so vent “over“about 15 m nutes to about 8 hours.
TheTh® peesgt édventi etirebeichis td e tidapmentf @isebdes ind cormlitpos i a

hours. Preferably, cooljng is perforped | ess. t.han
subjersutach b @WPQrBP@P@%ﬁ gRd/op W%M%Stﬁoi}guwste?ﬂgom benign

progffgt ggﬁgﬁlgmg g%g@ glgiokcsﬂapﬁﬁé} Y64 it drio ﬁﬁ&&eﬁ&v'@&m

e nost preferred’isol ation
caltignpay descitediabowethwaermydieadimiNB €redinamlit dEREE forfneontaining

« ofgpgrEaiony adevublnseste ShialpiloniB e srlrapertg

padklaP@br Rit.i Thd lhf'ﬁlay $nchas e daReste ArhiQHA & corﬁsaiﬁ@xy Typically,
feature of the present invention is the use of

therkahinsloidoseditectoms far adnmdniatratien of the dasage Jomt. he container can be
ﬁﬁdc:?%)égll%tgﬁg%s%aﬁ/ee cr>]rt fo}rpnags lgr{oc\lwsn fnr][het: Qg ff09 E%}'}lg ¢ ;g)afpe} Qoex, a-glass
or plastic bottle, or a blister pack with individual dosage for pressing out of the back
according to a therapeutic schedule.
Other features and embod:iments of the invention will become apparent from the
following examples which are given for illustration of the invention rather than for
limiting its intended scope.

Example 1

Crystalline atorvastatin calcium (United States Patent 5,969,156) (1.80 kg) was
dissolved in tetrahydrofuran (18 L) by stirring in a jacketed glass reactor with overhead
agitation. The THF solution was added over 2 hours to a mixture containing heptanes
(55 L) and 2-propanol (1.125 L) in a jacketed glass reactor with overhead agitation at a
temperature of between 15°C and 25°C. The resulting slurry was stirred for 1 hour
followed by cooling the slurry to approximately 0°C to 5°C over 1 hour. The slurry was

stirred at 0°C to 5°C for 30 minutes. The precipitated material was isolated on a
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anor phous atorvastatin calcium Incorporation of the

hydr oxylic solvent in the nonsol vent affords
w@e@simidtat ed anor phous atorvastatin cal ci um pRCT/IBA0€$000884

whi ch do not stick to the reactor walls or other

i nternal conponents. This is,especially inportant in

preparing | arge scale quanti?ies of anor phous

atorvastatin. The addition of a hydroxylic solvent in

horézeafal phtraliltericrrersh with pelyetdiane @iqéh Py PY?@W@?( {iltragiop apg dried
un&e'P%aﬁgrfngggL @*18' :?6 Acd a%ﬂul%g d ;Qioﬂg!i(ﬁh@i tfo%bB‘Ft%d°§aCt or

ntern as SI ano groups 1n a glass
Aniezpladus atorvdseatia raliciinofl . € kg)swad dolleetedradeninilg (O B AHE amd
the resul ti ng anor phous product is small. Preferably
0.8% hendanet 90 wt % nore preferably at |east 95 wt% and

Xﬁ)&@g;»@ml@ﬁﬁfpk Yy | east 99 wt % of the resulting

product 1s anorphous after precipitation by addition
of #FhsXhuayipowdef ddfactaspatermof ahorphbes atorvastaliv eal¢ium was

cerlit Pyt s PR AP0 Gtne ) e SPkerinf sy vit

coﬁ&ﬁP P MRS Cl QYN Thta (Wage @Jlfecf%kl‘ffbrﬁ% (Pt%%@)" dé%rée@Yn two theta
ffraction crystall ography, solid state nucClear

(26ymging taiseprséoi 04 dedieB) ampestep daeayl,0 scotdse (Theldivergence
t echni ques such as differenti al scanril ng cal ori try
ang gsgEigringrlids PPt L Aantnddne Feeeht g st as et 40

D1ﬁyacféﬂ§§(ﬁ§tﬁ§l @Mé@;@g W p%t%etycﬁ)@t Ansattﬁﬁma%mndard was

perl 1 prdema and yper chol est er ol em a,
ana greddp oharkithe inbemingamt pligehertti Datwwatewbﬁsatad @RPielaed using

' ' dj i t t t
B At 410 YR b RD B RGO K Vs By alcing them
in /q8Rtz H1EeS FHE s freiple ﬁqgﬁsléﬁlfy Gecdl iR qBeeWHoldedihich has a

acceptable carrier or Iue and/ or contained in a

cavityerlhghould e ek tlept Barka Instrulrh@tkpmmh@yd Sirsndnggilus, aBruker

DD g ERAS ehBEhAY S ERTsH Qeap  MROGE' | Ve Lo ot

f or Wiguid e siedmd @pbardeﬁﬁ&ayb@lffrabtﬁiﬁwf@mﬁ@m 1 shvading th@pBaterial is
or formas known in the art, for exanple, a paper box,
Y@OH%;S or plastic bottle, or a blister pack vith

i ndi vi dual dosage for pregsing.out of the back

according to a therapeutic schedul e.

Crystalline atorvastatin cal cium (United States Patent 5,969,156) (8 g) was dissolved in
tetrahydrofuran (80 mL) by stirring in a jacketed glass reactor with overhead agitation.
The THF solution was added over 1 hour to a mixture containing heptane (245 mL) and
2-propanol (5 mL) in a jacketed glass reactor with overhead agitation at a temperature
of between 15°C and 25°C. The slurry was cooled to 0°C to 5°C. The precipitated
material was isolated on a ceramic Buchner style funnel covered with a paper filter cloth
by vacuum filtration and dried under vacuum (range 20 to 30 inches vacuum) at about

40°C to about 50°C. Amorphous atorvastatin calcium (7.1 g) was collected.
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O her features and enbodi nents of the invention wll

becone apparent fromthe foll ow ng exanpl es which are
w@ewenod3es illustration of the invention rat hePCT/IBN05/000884

for limting its intended scope. Exanple 1 Crystalline

atorvastatin calcium(United1 t at es Patent 5, 969, 156)

(1.80 kg) was dissolved in tetrahydrofuran (18 L ) by

stirring in a jacketed glass reactor with overhead

agitation. The THF sol uti B%%Rl§ 3added over 2 hours to

a m xture containing heptanes (55 L) and 2-propano

(1.125 L) i n a jacketed glass reactor with overhead
Crgs\jiilliae htorvastitia dadripar(@hitee Stite Battmee 9o B0) 41 ) ®80d@s solved in

et G AL S e setteprgott Ve isaton
Thé THEEolutiddOw &l 2dded YRS 29bbf foeéimﬁ&u&%faﬁnég&ﬁtﬁfe (3480 mL) and

minutes. The precipitated material was isolated on
2-prhpanior 6Ky ml) ipl agaskeiedighass gwmrgdtlv\p\tdnhq@dlagé@thyll abAdeTnperature

| ot h | d
of Bpfiein e BT, anb SRl Alsood Eihetile Sk 88 Thopes. The
&(?i@ted‘&ﬁﬁlél@zh auss RoRitateet atérBme@BGEHMRY §t é{le@uiﬁ&l chased with a
co Iect ed contai ning 0.01% THF and 0. 8% hept ane. X- RAY

uonfrftEation ang drisd wirder \@ichyp 4eapg A0 to 30 inches

O, e SISO 56

colég@bnsi n) equi pped with copper radi ati on (Cu Ka)

Data were coll ected from% to 40.0 degrees in two

theta (20) using a step sP3@BE4. 04 degrees and a

step tinme of 1.0 seconds. The di vergence and

scattering slits were set at 1 nm and the receiving
Crg$tallinaoreestatint calci8mriiniti StatescRaseht 5aH9a56 (B gba&as dissolved in

det K PS| . det An
Ry D0 O i o aREo P e PR P AR et
THYEIHEE §aMhti ROk 8daadsl @V&@|1%ﬁﬂ'td@fn%&uﬁfdéﬂﬁ%ﬁm&%(ﬁap‘wfetMQ%L) and
Version 7.0. Sanples were prepared for analysis

2-propaioh 7.5 Wdhin J@C]@R]@d: glasyusheior w1tt|r|¢§e@g¢q)agtangn ata temperatme
of H)Xt%e%ﬁ'llgab Qndaﬁ“b r’ith% s?ur%/ wgst, 5oolecl %edbcv%'h '566 ov&abdut 1 to 2

hours. The precipitated material was isolated on a ceramic Buchner style funnel
covered with a paper filter cloth by vacuum filtration and dried under vacuum (range 20
to 30 inches vacuum) at about 40°C to about 50°C. Amorphous atorvastatin calcium

(7.2 g) was collected.
Example 5

Crystalline atorvastatin calcium (United States Patent 5,969,156) (8 g) was dissolved in
tetrahydrofuran (80 mlL.) by stirring in a jacketed glass reactor with overhead agitation.
The THF solution was added over 1 hour to a mixture containing heptane (24-8 mL) and
2-propanol (2.5 mL) in a jacketed glass reactor with overhead agitation at a temperature
of between 15°C and 25°C. The slurry was cooled to 0°C to 5°C over 1 hour. The
precipitated material was isolated on a ceramic Buchner style funnel covered with a

paper filter cloth by vacuum filtration and dried under vacuum (range 20 to 30 inches



cavity. It should be noted that Bruker Instrunents
purchased Si emans; thus, a Bruker D5000 instrunent is
wez®enoidat |y the sane as a Sienmans D5000. Fi gur€r/iB2005/000884
shows a powder x-ray diffraction of Exanple 1 show ng
the material is anorphous. 4gnple 2 Crystalline
atorvastatln cal cium (United States Patent 5, 969 156)
¥$ was di ssolved in tetrahydrofuran (80 nL
va§tm ARPuh 4G Rabeie G aAB0FRINS dtorvgstan w&iwee(é 5 g) was
coi@liat i on. The THF solution was added over 1 hour to a
m xt ure contai ni ng heptane (245 nlL) and 2-propanol (5
m.) The @rinaekétrasegias svhicakiverbew employed inethd foregoing
agitation at erature,_ of betmee 15C and 25C
SRCEI 15 WELEGON BUCPE® DPReSEBP U ShRB I atghere i
ndBk&hiof! intRS ubSOf ALK LR afid Gﬁfr@fmcﬁls Et’ﬂ“e'ﬂ@l%ﬁn?é Yufivalents of the
funnel covered with a paper I'ter cloth by vacuum
fenfuresrshpvorandrigsatttied dr pondiions tluwﬁnt Peingppeo20ized t1R0 the scope of
i nches vac bout, 400C t o about . 5 Anor phous
tng RN S ot e SRS cRby b8 PR MoghdteRamp! o 3
Crystalline atorvastatin calcium (United State Patent
5,969, 156) (8 g) was dissolved in tetrahydrofuran (80
m.,) by stirring in a jacketed glass reactor with
overhead agitation. The THF sol uti on was added over 2
hour to a m xture containing heptane (240 nL) and
2-propanol (10 nmL) in a jacketed glass reactor with
overhead agitation at a tenperature of between 15C and
25C. The slurry was cooled to @QC to 50C over 1.5
hours. The precipitated nmaterial was isolated on a
ceram ¢ Buchner style funnel covered with a paper
filter cloth by vacuumfiltration and dried under
vacuum (range 20 to 30 inches vacuun) at about 400C t
o about 50C. Anvorphous atorvastatin calcium (6.5 Q)
was col l ected. Exanple 4 Crystalline atorvastatin

calcium (United States Patent 5,969, 156) (8 g) was
di ssolved in
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tetrahydrofuran (80 nL) by stirring in a jacketed
gl ass reactor with overhead agitation. The THF
w@etatiosm was added over 1 hour to a m xture CPRCL/EB20030390884
hept ane (242 nL) and 2-propanol (7.5 nlL) in a jacketed
gl ass reactor with overhead ﬁgltatlon at a tenperature
of between 150C and 25C. The slurry was cooled to 00C
to 5C over about 1 to 2 hours. The precipitated
material was isol ated on &£e®MSic Buchner style
funnel covered with a paper filter cloth by vacuum
filtration and dried under vacuum (range 20 to 30
i nches v aAtpm)essaforddmﬁhg 40phoas atoowastaBGDmpuONghous
atorvast af | cium (7.2 was col | ected. Ex le 5
Crystalli C L st aﬁpkveﬂ.%?aﬂ%@épﬁg% > and
Patent 5, @§9, 1§<@i S%t%eg%lu%ﬁ t¢h SR QUMEDmPYising a non-solvent and a
tetrahydro ur an by stirring in"a jacketed
gl ass reactor hydrmﬂmh@adtoa?gfqrdamorphomh @toTwHmtatin.
solution was added over 1 hour to a m xture contai ning
hept ane (248 nlL) and 2-propanol (2.5 nlL) in a jacketed
glasg r ea@ﬁ@% rodkdsibf @Mah NepkkraidishidtsoRnitn fep QIYREA 831VER in
of between 15C and 25C. The slurry was cooled to 00C
whigh spevasiasin iy splgble. The precipitated material was
i solated on a ceram c Buchner style funnel covered
with a paper filter cloth by vacuumfiltration and
dri esl undehe pﬂ)@eﬂsmf@Ia&ﬁ@ﬂvﬂ&mh&aiﬂ&ol%ﬁﬁ@ss&mwdrﬁorﬁthe group
about 400C to, apbout 50 phouys atorvastatjn
copgising At eraky ggptugmps 2é8?tpé1é§t@§ydmﬁ‘§a$ SFHONg A methyl ethyl
ke essi ons whi ch have been enpl oyed in the foregoing
specification are used therein as terns of description
and not of limtation, and there is n o intention, in

e o ot e T R B ST  sbes hty

portions thereof, it being recognized that the scope
of the invention is defined and Iimted only by the
cl ai fs  whThtprosedseficlBiml INgheareinAaiskmmewdy dnsin stop fh)ntp selected

e Gahe R P B Dinf PR BRI ot on ;g

6. The process of claim 5 wherein said solvent is selected from the group

consisting of hexane, heptane, heptanes, octane, and cyclohexane.
7. The process of claim 6 wherein said solvent is heptane.

8. The process of claim 1 wherein said hydroxylic solvent in step (b) is an

alkanol containing one to six carbon atoms.
9. The process of claim § wherein said solvent 1s selected from the group
consisting of methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-

methyl-2-propanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-hexanol, and 3-hexanol.

10.  The process of claim 9 wherein said solvent 1s 2-propanol.
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(b) adding the solution to a m xture conprising a
non-sol vent and a hydroxylic solvent to afford
wa@emsphsus at orvastatin. 2. The process of cl aP@1/1B2005/000884
wherein said solvent in step (a) is a solvent in which
atorvastatin is soluble. 3. e process of claim?2
wherein said solvent i s sellect ed fromthe group
consi sting of tetrahydrofuran,
2-nmet hyl tetrahydrof uran, acetone, and nethyl ethyl
ket ofy I :
IS teftar ahygé—@f%)ﬁ?%%?% he}?érgfég?égustvgﬁ t§F1a| m Oaglé’}rgglﬁ]e of said
hyho;dylmcm}\&ntl\sqmdzsenmns]n@;mr( fwlvans. sel ected fromthe
group consisting of an al kane and a cycl oal kane. 6.
The process of claim5 wherein said solvent i s
sel egj ed ﬁ“ﬁé’??dc@s@ (ﬂ'&%ﬁ 18 QRr&ih P& Of td bﬁ%ﬂﬂ@% RERIIBME. of said
hept anes, ane, and cycl ohexane. 7. The procéess of
hysirak yhicgolmeat isipnessal id thoharesdlvent.s heptane. 8. The
process of claim1l wherein said hydroxylic solvent in
step (b) is an al kanol containing one to six carbon
at ong3. 9. TROPrdeEREEF iR WwhekimsdidWhel-&ilVer @bfcen@lati®@nis about
i s selected fromthe group consisting of nethanol,
1389 snarout 60 gl s anmrisolventie epa swim ofjaterasielin calzisnt anol |
2- net hyl - 2-propanol, 1-pentanol, 2-pentanol,
1- hexanol , 2-hexano|, and 3-hexanol . 10. The process
of cllai m Fhevbeocedsrof shiidl 1304 heeeih shid snod-gul egmanohcehfratidihi about
(grocess of cl a| m 8 wher afl n about 0.5 to about 5% by
B iyencgrampf iRy At 4alu®o| vent is present in the
non-sol vent. 12. The process of claim 11l wherein about
1 to about 3% by volunme of said hydroxylic solvent is
presént i Whe pocaook csiaihvbwthereirein spoe(lqo pogagitsation of lagdomptious
wher ei.n_ sai d pon-sa| vené on on is about 15 m
2ty AR s FEreH oWrat At d Cf/ gr am of

atorvastatin cal ci um

16.  The process of claim 15 wherein in step (b) precipitation of amorphous

atorvastatin is carried out at about 15°C to about 25°C.

17.  The process of claim 1 wherein the solution of atorvastatin is added to
the mixture comprising a non-solvent and a hydroxylic solvent over about 15 minutes to

about 8 hours.

18.  The process of claim 17 wherein the addition is over about 1 to about 2

hours.

19.  The process of claim 1 wherein the mixture is cooled to about -10°C to

about 30°C for about less than one hour to greater than about four hours.

20.  The process of claim 19 wherein the mixture is cooled at about 0°C to

about 20°C for about four hours.



14. The process of claim 13 wherein said non-sol vent
concentration is about 30 mM to one gram of

wa@et@saestnt i n cal cium 15. The proces of cl ai nPAT/IB2005/000884
wherein in step (b) precipitation of anorphous
atorvastatin is carried out 1?“t about 100C to about
35C. 16. The process of clai'm 15 wherein in step (b)
preci pitation of anorphous atorvastatin is carried out

at 2dout HEEreeesapbelaingbwhichaffals apleastdsweighichessant 1
M@ﬁo@f’s'&t&b&taﬁﬂi ution of atorvastatin is added to the

m Xt ure conprising a non-solvent and a hydroxylic

sol vent over about 15 m nutes to about 8 hours. 18.

The process of claim 17 rein the addition.is over
abo- 1t EheaeeRss of AgH gm%@% arfliﬁ‘éfdﬁﬁ ¥ oreighipenept

5 aﬂ&?@ﬁ&fs%t&rbfstdﬂr%ture is cooled to about -10C to about
300C for about |ess than one hour to greater than
about four hours. 20. The process of claim19 wherein
the yy xtupe is cooled. at,about Q0C to about 2Q0C for
a1 ool RsaGs 9t Sviphe SR EALIoHh iR QY meliiarEht

mﬁrﬁm@sat@{,agtﬁﬁﬁt 90 wei ght percent anorphous

atorvastatin. 22. The process of claim2 1 which
affords at | east 95 wei ght percent anorphous

10 atorvastatin. 23. The process of claim22 which

affords at | east 99 wei ght percent anorphous
atorvastatin.



