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ATORVASTATI NSTRONTI UM SALT AMD PHARVACEUTI CAL
COVPCOSI TI ON COVPRI SI NG SAME FI ELD OF THE | NVENTI ON The

WEe@soM95i nvention relates to atorvastatin st rPOI/KBR2008/000357

salt or its hydrates or pol ynorphs having i nproved
solubility and a pharnmaceutical conposition conprising
same. DESCRI PTION QF THE PRI OR ART At orvast atin,

[ RARORVASTATIA STRONTIUVM SAISF CEUTICAL

[ pyr ol o 1 @iwﬁgé%ﬁsam@%ﬁ%’gﬁ@éé AN of

formula (11) is known as an HMS CoA reductase

ective in reducing chol esterol
2 ety No. 5,273,995). The free acid

form of atorvastatln has | ow stability and tends to

conver,hato at or vast atl n |actone of farnul a

Accor d @ppesenhmwﬁe lh Sclafestts Gip9nsiaha SHeagbh Sl or its hydrates

t?hs Havitgoiniprovedi solutyidity el & phafmAeutical composition
atorvast i n have been used instead of the free acid

fEHRAPTIRIBES3M et No. 5, 273, 995 di scl oses vari ous
atorvastatin salts, e.g., nmetal salts such as sodi um

u gnesi um zinc, alum num
SwIdMMI ts and organic salts
such as | -deoxy-2-(nethyl am no)-D gl ucitol,
N- net h Iua'ne, j*ne a gl Nkhe _salts
wni o AGvEIaEhy [ I8RR Um oaf VFORAbRRrRRep Oy F dillydroxy-5-
r(m&nemyééthyt)eﬁ-p@aﬂnﬁ]r-4{(phen§damﬁ10t)ce&~bbnyl]kﬂﬂ@ﬁkﬂ&lbh@tanmc
G0 ﬁa{/m% tife QHHADF fortifla (II) is known as an HMG-CoA reductase
inhibitor which is effective in reducing cholesterol in blood (see US Patent No.
5,273,995).

OH OH
CO,H

(II)

The free acid form of atorvastatin has low stability and tends to convert
to atorvastatin lactone of formula (III). Accordingly, in the preparation of
pharmaceutical composition of atorvastatin, various salts of atorvastatin have
been used instead of the free acid form. US Patent No. 5,273,995 discloses
various atorvastatin salts, e.g., metal salts such as sodium, potassium, lithium,
calcium, magnesium, zinc, aluminum and iron (ferric or ferrous) salts and
organic salts such as 1-deoxy-2-(methylamino)-D-glucitol, N-methylglucamine,
choline and arginine salts, among which atorvastatin calcium salt of formula
(IV) is most preferred.
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di cycl ohexyl am ne salts (PCT International Publication
No. WO 2000/017150); ammoniumsalt (WO 2001/ 036384);
wo y®B0e395ar gi ni ne and ornithine salts (WO 2003POBR&1@3/000357
and bismuth salt (WO 2005/014541). However, these
salts are inferior to the calciumsalt of atorvastatin
in terns of various pharnmaceutical characteristics
i ncl udi ng hygroscopicity and ability. The
atorvastatin calciumsalt of Jornmula (1V) including

its hydrate or solvate can g t ingvarious
crystalline forns desi S roms I, Il and IV (US
Pat ent No. 5, 969, 156 ( tent No.

6, 121, 461), and For (US Pat ent No.

me~0f “ad or vast ati n

cal cium salt have” been ¢ osed in PCT International
Publ i cati on Nos. [W0D,J2008/ 0704Q2, WD 2004/ %3918 and WO
2006/ 048894. Al so,”vari ous “forns of am)rrg S
atorvastatin calciumsalt have been disclosed in PCT

I nternational [Publication/Nos. WD 1997/ 003960, WD
2000/ 071116, WO 2001/ 02, WO 2001/ 042209, WO

2003/ 068739, WO 2095 L9 aa? wp 2006/ 021969.

However, the anpr pRg MEC\{_ statin are
ger-scares 2andt hey are

difficult to produck i
ne forns in tlerms of

inferior to th stral
physi cochem cal op@rties such as hy roscogiyci ty,
Dty

stability, inlvivo uptake rate and bid4vai l(
{see QO shi and Yakuri, Chiryo, 1998, 26(8),
1241-1252). Anong the known atorvastatin cal ci um
sal t s Othey sitafviastatinosalésrhiapb calso chgent ahggestediot-butylaxhine and

BRI ST, BT BRbR, PUFTh g, WO
2000415 180); ammonium salt (WO 2001/036384); lysine, arginine and
omithine salts (WO 2003/082816) and bismuth salt (WO 2005/014541).
However, these salts are inferior to the calcium salt of atorvastatin in terms of
various pharmaceutical characteristics including hygroscopicity and stability.

The atorvastatin calcium salt of formula (IV) including its hydrate or
solvate can exist in various crystalline forms designated Forms I, I and IV (US
Patent No. 5,969,156), Form III (US Patent No. 6,121,461), and Forms V and
XIX (US Patent No. 6,605,729). Other crystalline forms of atorvastatin
calcium salt have been disclosed in PCT International Publication Nos. WO
2003/070702, WO 2004/043918 and WO 2006/048894. Also, various
forms of amorphous atorvastatin calcium salt have been disclosed in PCT
International Publication Nos. WO 1997/003960, WO 2000/071116, WO
2001/028999, WO 2001/042209, WO 2003/068739, WO 2005/073187 and
WO 2006/021969. However, the amorphous forms of atorvastatin are
difficult to produce in lager-scales and they are inferior to the crystalline
forms in terms of physicochemical properties such as hygroscopicity,
stability, in vivo uptake rate and bioavailability (see Oishi and Yakuri,
Chiryo, 1998, 26(8), 1241-1252).

Among the known atorvastatin calcium salts, crystalline or amorphous,

6, 605, 729). O her cry
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appl i cations, which is marketed under the trade nane
Lipitor(r) (Pfizer) as a therapeutic agent for

whywendiopi dem a. When a pharmaceuti cal conmposi PCDRR2®S/000357

formul ated, the physicochem cal properties of the
solid formof an active ingredient affect the
flowability during solid mlling, the conpressibility

- QWdtalineabbah [ ITMatbAkistitin @AlcA At fHSQ0§cd & IS Patent No.

0 dia, Particuylarly, in case of a )
oS8, Pt abert rpRrTEeTSH #@r ber anostdrmrafesiedatfosn commercial
taggli&ﬁﬁ(ﬁﬁ? evhidhds QhatkReedahive the aaddi mithe TIpRoM¢Pfizer) as a

i,s qne of the inportant factors

trointéestinal fluid.
g]h%ﬁapé‘éﬁ%ﬁ&?]ﬁ qrﬂ’é’PFﬁ]gPlélﬁgl}@i c effects. Thus, the
o) SRR oy SO St S,
%ﬂwc&s BOS awroaggtbeér of dae salid P?r@powwq ngredient affect
slid Uﬂb‘wia%ilitgi Qﬁttﬁign alolid tnsilligglrihes TobhpriebsibARY during tablet
tabli ity, gl% SLiC physi cochem cal pr%er | es Ef t he
SmRLasiol OB dhetalfASe TRl BHAL Aoy WodGt - Patticy arly, m case of
agharhackativallb@npbsition forairal Bﬁﬁ?ﬂ_@i@ﬁﬁﬁ@npﬁf&rél@ase rate of the
in havin

devel op a .novel salt of atorvast i nproved
BRes duRdiAntantop s sstroBuesa s diig ot e g asfant factors
tiaiteddtermind ad tiadrapeasd atffectsst r'Ohg, wiessdlid dorm of the active
h dr@t ett hefr eof hﬁs enhayélc:%ld ph#fPi c%cherri.cal ) h
B?{%fﬁ JeiiteOt par t PRAMGGYUER! | SPHPOSIUQN: dF JEANBPE 1, have
phivdiabhédhi cBHEpropeies @vtl tari Snprpve mes wohihitte) badavaikability,
resent .di.aventi on, t0;.0r oyi d oLV i n.styontiuy
BampTEisib T L hd il i S AT RHeRuSH Bkt fles pof the
knewasatertastdAtint ¢edcipnesaltst are moé ehfioaty satsfaetoins pr ovi ded
Therefore, there has been a need to develop a novel salt of atorvastatin
having improved physicochemical properties and the present inventors have
found that atorvastatin strontium salt or a hydrate thereof has enhanced
physicochemical properties, particularly in terms of water solubility.

SUMMARY OF THE INVENTION

It is a primary object of the present invention to provide atorvastatin

strontium salt or its hydrates or polymorphs.
In accordance with one aspect of the present invention, there is provided
atorvastatin strontium salt of formula (I) or its hydrates or polymorphs:

sr2*
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atorvastatin strontiumsalt of fornula (1) or its
hydrates or polynorphs: (1)In accordance w th another

w@zene3oef the present invention, there i s proRCHE&2@8/000357

phar maceuti cal comnposition conprising atorvastatin
strontiumsalt of formula (1) or its hydrate or

pol ynorph as an active ingredient and a

phar eyt ' r ' r ;
Froat | g rornaade SRFRIOHE PELL BF (MSPRIENCINAGOR, there s
mmed@gﬁammmt@al TOIRPOSNARNCENIHEING R asrillbstretium salt

| R f r IcN i | :
g@corre ggp réﬁ?ﬁ?‘rgm t%eeb?,?l Iyovm%ﬁgﬁ égsﬁ%%t%n%é&gﬁ?,and .a
iphasmacentiealke Accaptable) candes Hir MieVEnHAg ardsestihypgylipidemia
;E&% ' ectively show FIG 1. an X-ray
%21\?3‘1 dcl:}} rggﬁl%%%XRPD) spectrum of crystalline Form
| of atorvastatin strontium salt obtained according to
RIPYRON OF. THE®RA WIRGSRPD spect rum of
Crystalfine Form Il of atorvastatin strontiumsalt
obt ai ned according to the present invention; FIG 3:

an XRPSHSGHE Bl Afth & oisjeats! dndke fda@irds |dfl thefpresent invention will
torvastatin strontlumslIt.obtalned.accr ing to.the .
0 @? (the, Wwention taken m

e apparent iftpm hegollowing, dsgesiptione
ComflrRtionneith #héemédorapariting WA s whidhoRshedtively show:
obtai ned according to the present 1nvention; and FIG
5: an XRPD spectrum of the anorphous atorvastatin
st r ontHIGM lsadi J0kipipreedercdiofraitiven (MRE®) spestawh of crystalline

Lhventi on. . . . .
orm 1 Of atorvastatin strontium salt obtained according to the present

mvention;

FIG. 2: an XRPD spectrum of crystalline Form II of atorvastatin
strontium salt obtained according to the present invention;

FIG. 3: an XRPD spectrum of crystalline Form III of atorvastatin
strontium salt obtained according to the present invention;

FIG. 4: an XRPD spectrum of crystalline Form IV of atorvastatin
strontium salt obtained according to the present invention; and

FIG. 5: an XRPD spectrum of the amorphous atorvastatin strontium
salt obtained according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The inventive atorvastatin strontium salt of formula (I) or a hydrate or
polymorph thereof is pure and thermally stable, and it is more soluble in an
aqueous medium than any of the known atorvastatin salts.

The atorvastatin strontium salt according to the present invention has
two atorvastatin molecules coordinated to strontium ion (II), to which at least
one H,O molecule may be coordinated. Such atorvastatin strontium salt or
a hydrate thereof can be produced in an amorphous form or various

crystalline forms.
In accordance with a preferred embodiment of the present invention,

4
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The i nventive
atorvastatin strontiumsalt of fornmula (1) or a

whyasas®sor pol ynor ph thereof is pure and therP&l/KR2008/000357

stable, and it is nore soluble in an aqueous nedi um

than any of the known atorvastatin salts. The

atorvastatin strontiumsalt according to the present

[ ti.an : ast g C r dijpat

(D A pRAENO A ANRS! A0t oSBAED SRRRRSY LR 6 hydrates

esignated dgynisel dood\di Among. theseh Forsr Jaek atarmastatin strontium
j #% t e produced in

?ﬁhﬁ%&’%‘ﬁﬂgﬁ?ﬁ%@%‘tégwarﬁﬁlg Q?{/gs%arle [ n%(pf orms. In

accordance—wi th a preferyed enbodi nent -of the present

i nvention,|there are pro ded crystalling atorvastatin

strontiumisalts es designated Forns | to IV,

The cryst3 tatT T2st rappl um sal t

1IIinitﬁ ¢

of the presg i on may be confirnmed by X-ray
powder diffiorb RD) anal ysi s using

CuKar adi at|i ort.” Specifircally, the crystaldine

atorvastatTn strontium pentahydrate of —fornul a Qlf‘)a),

which is designated Form | according to a preferred
enbodipent of the present invention, has a

char a CEY§i@ 1@,19{29% e QtQpvastatiy stRRbym watipof the present
sPeGHoN be domifiemedeBy sXrayi powdéd diffiaction ((XRPDF)] analysis
| east % (l,.is the intensity of each peak; 10 is the
Pﬁ‘t“@ng}]f%yr iation. hi ghest peak) at diffraction angl e

(290. %geofﬁcfhl@,, theBcryst@lling. atorvadiatii. Strodti®m Pehtahydrate of

%Or%’lula (fa), which is designated Form I according to a preferred
embodiment of the present invention, has a characteristic crystalline structure
whose XRPD spectrum shows major peaks having I/, values of at least 10%
(I is the intensity of each peak; I, is the intensity of the highest peak) at
diffraction angle (2620.2) of 4.0, 4.8, 5.9, 6.5, 7.3, 7.8, 8.8, 9.5, 9.8, 10.2,
11.6,14.7, 17.5, 18.9, 19.5, 19.8, 20.2, 21.3, 22.7, 23.1, 24.3, 25.6 and 26.3
(FIG. 1).

The crystalline atorvastatin strontium salt or its hydrate designated
Form II according to another preferred embodiment of the present invention
has a characteristic crystalline structure whose XRPD spectrum shows major
peaks having 1/, values of at least 10% at diffraction angle (26+0.2) of 4.0,
5.0, 64, 8.0, 10.0, 10.3, 12.7, 13.0, 16.6, 18.6, 19.1, 20.0, 21.8 and 22.2 (FIG.

2).

The crystalline atorvastatin strontium salt or its hydrate, which is
designated Form III according to still another preferred embodiment of the
present invention, has a characteristic crystalline structure whose XRPD
spectrum shows major peaks having I/I, values of at least 10% at diffraction
angle (26+0.2) 0of3.8, 5.2, 6.2, 7.9, 10.7, 19.7 and 24.0 (FIG. 3).

The crystalline atorvastatin strontium salt or its hydrate, which is
designated Form IV according to still another preferred embodiment of the

5
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11.6, 14.7, 17.5, 18.9, 19.5, 19.8, 20.2, 21.3, 22.7,

23.1, 24.3, 25.6 and 26.3 (FIG 1). The crystalline
W@e@sMg®sat i n strontiumsalt or its hydrate deBCRR2@d/000357

Form Il according to another preferred enbodi nent of

the present invention has a characteristic crystalline

structure whose XRPD spectrum shows maj or peaks having

| sh .

AR, s, SRR SR whon XRPD

pesiruis skows anajor pwaks haying Khdvalmes of mt deast)L0% aé diffraction

. i . e

L bt G sesizog o oB g0l oL 18 155 151,195

0712 EAoPRdy 292124 SeddedbddFient).of the present

| nventyolecdidgnde SR ﬁ‘éﬁ %hbﬁiér?pr%féﬁé@'ehiﬁlﬁiiﬁfe}ﬁ GfUhe present
ows nmaj or peak 1710

whose  XRPD spectrum s eaks havi ng. 5
VBVeRionf amopheys atpyyastabn f streliwen salgpe (e qbydpteris also

?r%vicﬁ:dzzan@- #s XRD spéetfumshofvAie d'iﬁtiﬁct(i\'/:élﬁ chractéfi8tic peak
r(%étagl Pi'ne atorvastatin strontiumsalt or Its

. b, which is designated Form |V according to :
stil | PHOiRRntReaterv At heah e saf of AGRRAAITf or arhgdrate 0

Bl e S5 in R o 54 s he
;ﬂgﬂﬁﬁcgﬁﬁ%ﬂy @%@grécg%%a@ﬁlé@ﬂ'lémgé\gt ic:ﬁlig r%ﬂﬁit@ing #4 Q%ﬁi)al @hoisture
Fonient; When sispescth 1107 2 sirested, gonditiin Y60y ded 375% relative
(hunfadit) for 4 veekar slamope Wi t h yet another preferred

om0 et BEBAGHE Mo YRS, By BB GROHE fota D or
iydvatdest, pelyeharph thB¥eoflie phavmmaséwtiealontbrs teffectivecbacause of
?t% rigﬁt\x%t'e? tSIOﬁIBK%ﬁ%IKOVGI‘ other salts of atorvastatin. For example, it has
a water solubility at least 2 times higher than that of atorvastatin calcium
trihydrate.

In accordance with the present invention, atorvastatin strontium salt of
formula (I) or a hydrate or polymorph thereof may be prepared by (i) bringing
atorvastatin of formula (II) or atorvastatin lactone of formula (III) to react
with strontium hydroxide; or (ii) adding a reactive strontium salt to
atorvastatin sodium or potassium salt to induce salt exchange; or (iii)
converting one polymorphic form of the atorvastatin strontium salt or a
hydrate thereof previously obtained to other desired polymorphic form.

Specifically, the atorvastatin strontium pentahydrate of formula (Ia)
designated crystalline Form I may be prepared by adding a reactive
strontium salt to a solution of atorvastatin sodium or potassuim dissolved in
a mixture of an organic solvent and water, stirring the resulting mixture at a
temperature ranging from 0C to the boiling point of the solvent used for 30
minutes to 24 hours, filtering and drying the resulting precipitates by a
conventional method.

The reactive strontium salt may be selected from strontium chloride,
strontium bromide, strontium sulfate, strontium nitrate, strontium perchlorate,
strontium acetate, strontium carbonate, strontium oxalate and a mixture

6
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(FIG 5). The inventive atorvastatin strontiumsalt of
formula (1) or a hydrate or pol ynorph thereof may be

wo@bbiaiyel in a pure formand it satisfies the PCI/KR2008/000357

pharmaceutically required stability since it can
maintain its initial noisture content when exposed to
a stressed condition (60 C and 75% rel ative hum dity)

: . : !

{firedrpeeBly e R BRSGe IS AE gt

hydr atEheororganignselyent eayobe i seletiad nrosutdcetone; mstleyl ethyl
. : \ i

SELER HFRASRISR Phelds, MEERuIE! pRhidl Ciluicloopropano

watler gt ithereof, qureferably, acetonifzile,agietona ancmathanael

atorv "’lfﬁeah#\%n‘%ﬁ)ec %%%isrtétjﬂ Ur¥nBiunh afCEP radﬁgﬁlectt@" drh%?lymorph

the present 1 nvention, atorvastatin strontiumsalt

tleneof hasi good puritydaad ethermpb sighiliph ashweboas improwed water

SCRIRLEY BY had iOCaRObO o1k prLAalln b BT phlbion o

sreatment of HyNHe-Cak reductass-yelaiedi digeasaseineluding hyperlipidemia
. ; it .

égfl?%nf@(%@gt&dé}?ﬁt_ orvastatin sodiumor potassium

nduce salt exchange; or (iii) converting one X
pol y ghy,m e tpreserior Pysntonn HYovyias wn hprmageutical

G
2o sﬁ‘iﬁn fcaﬁ{gﬁpim@ﬂ@ef W it eORoRY A8k Rt 488 dfefdrmula
Zﬁ nor phi ¢ form (ﬁec:lflcally, he atorvastatin ..

r &%t PuRYHEIE afy dRRlyRsPph f Hekerh a5 AN @elvgnHigrgdient and a

?hﬁﬁh@ééﬂti&ll@%d@ebtd%cﬁ?id@!epafed_ by adding a _
eact m\ﬁe?rs%rontl umsalt to a.solutiopn of atorvastati.n )
sodi u phaimacgiiticaljcompasdion according to the present invention

may be administered via various routes including oral, rectal and injectable
application, preferably the oral route.

For oral administration, the pharmaceutical composition of the present
invention may be in the form of tablets, capsules, pills, and the like, and may
be formulated with pharmaceutically acceptable carriers, diluents or excipients.
Examples of suitable carriers, diluents and excipients are excipients such as
starches, sugar and mannitol; filling agents or increasing agents such as
calcium phosphate and silica derivatives; binding agents such as cellulose
derivatives of carboxymethylcellulose or hydroxypropylcellulose, gelatin,
arginic acid salt, and polyvinylpyrrolidone; lubricating agents such as talc,
magnesium or calcium stearate, hydrogenated castor oil and solid
polyethylene glycol; disintegrants such as povidone, croscarmellose sodium,
and crospovidone; and surfactants such as polysorbate, cetyl alcohol and
glycerol monostearate. Further, various pharmaceutical composition
comprising a specific amount of active ingredient, together with or without
additives such as said excipients, diluents or additives, may be prepared in
accordance with any of the conventional procedures (see Remington's
Pharmaceutical Science, Mack Publishing Company, Easton, Pa., 19%
Edition, 1995).

In a preferred embodiment, the pharmaceutical composition for oral
administration of the present invention may contain atorvastatin strontium

7
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a mxture of an organic solvent and water, stirring
the resulting m xture at a tenperature ranging fromO0C

W eoosle39bni | i ng poi nt of the sol vent used for BOI/KR2008/000357

m nutes to 24 hours, filtering and drying the
resulting precipitates by a conventional nethod. The
reactive strontiumsalt nmay be selected fromstrontium

E%‘llt o 1?)‘3%1125 r(B”Bf Hrﬁeﬁrﬁ% e I'%o%;;rheﬁ oFl’gaEt er il?traglnamgunt ranging

&@@a é)t kio 960 by.mewgbarm@f@rably $tte % b wriglithased @nathe total
% @Hﬁ@r %Oﬁflsf}ﬁrabl y strontium chloride and
str

nt i um acet e organi c sol vent. nay be sel ected
from dcéiaal daiy hpse @] ha,tprwtam‘e stregtinm 4le s¥uoymula (I) or a
KGARAE g AR ol ARy A0 e ghaichay ane

ﬁr@@n aheubAd e oRArae/kerke an@k&ht,vBreef@@b&ﬁsﬁt ta 170 mg/kg body
ST, s ey ngebegooty dhaceece,
vvat er Efbémgmnttlyver&m watl he %S&ﬁl%sa ﬁr‘#ﬁé éetanﬁwu Eference

f'rgﬂ hewt {toshowld tb"eeﬁﬁd@@iodélf tHAVeh&hesent invention
reduct se- I at di sa%::ﬁs i ncl udi ng hyperlipidem a

ﬁtptlfﬁﬁ‘é}cé %lSBP‘él di ngly, the present
i nvention prow des a phar rmceutl cal conposition

npri si the inyentive at ,va atin strontiu alt
Examp ng;ala?ftl%n o frysea peé@?%& ﬂi‘u PEYAStRi Strontium
§fti ve ingredient and a pharmaceutically accept abl e

carrier. The pharmaceutical conposition according to
the present invention may be adm nistered via various

rout e50ionglofatogvatatin latehalwamnsugpended dbl £ mixture of 150 ml
of t-butyl methyl ether and 100 ml of acetone, and 3.7 g of strontium
hydroxide dissolved in 200ml of water was slowly added thereto over 30
minutes, and stirred at room temperature for 3 hours. After removing the
organic layer, 150 m{ of t-butyl methyl ether was added to the aqueous layer,
followed by stirring at room temperature for 10 minutes. The organic layer
was again removed, and 200 m{ of acetone was added to the aqueous layer.

The mixture was warmed to 50 C, to which 10.2 g of strontium acetate
dissolved in 250 m{ of water was slowly added over 2 hours, stirred at 50 C

for 8 hours, and the resulting solution was cooled to room temperature. The
precipitate formed was filtered, washed with a mixture of 60 m{ of acetone

and 90 m{ of water and dried in air, to obtain 50.7 g of the title compound
(vield: 85%) as a white crystalline powder.

Moisture content (Karl-Fisher titrator): about 6.9%

Based on the result of such moisture content analysis, the crystalline
powder obtained above was confirmed to be the pentahydrate form of
formula (Ia), and its XRPD result showed that it is a crystal having
distinctively characteristic main peaks (those having I/I; of at least 10%), as
shown in Table 1. Accordingly, the crystalline powder obtained above is

8
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20: diffraction angle, d: distance within each crystal face,
/Iy (%): relative intensity of peak

Example 2: Preparation of crystalline Form II of atorvastatin strontium

salt

10.0 g of crystalline Form I of atorvastatin strontium salt obtained n
Example 1 was dried under a reduced pressure until its moisture content
became 2% or less, to obtain 9.3 g of the title compound (yield: 100%) as a
white crystalline powder.

Moisture content (Karl-Fisher titrator): about 1.5%

The XRPD result of the crystalline powder obtained above showed
that the crystalline powder is a crystal having distinctively characteristic
main peaks (those having I/l of at least 10%), as shown in Table 2.
Accordingly, the crystalline powder is designated Form IL
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TO Toom tenperature. The precipitate forned was
filtered, washed with a m xture of 60 m of acetone
Example 3: Preparation of crystalline Form III of atorvastatin

strontium salt

50.0 g of atorvastatin lactone was suspended in a mixture of 200 ml
of t-butyl methyl ether and 200 m{ of methanol, and 3.7 g of strontium
hydroxide dissolved in 200m{ of water was slowly added thereto over 30
minutes, and stirred at room temperature for 3 hours. After removing the
organic layer, 150 m{ of t-butyl methyl ether was added to the aqueous layer,
followed by stirring at room temperature for 10 minutes. The organic layer
was again removed, and 50 m{ of methanol, 150 m{ of t-butyl methyl ether
and 650 m{ of distilled water were successively added to the aqueous layer.
The mixture was warmed to 50 C, to which 10.2 g of strontium acetate
dissolved in 250 mf of water was slowly added over 2 hours, stirred at 50 C
for 17 hours, and the resulting solution was cooled to room temperature.
The precipitate formed was filtered, washed with a mixture of 100 m{ of
methanol and 50 mé of water and dried in air, to obtain 43 g of the title
compound (yield: 77%) as a white crystalline powder.

Moisture content (Karl-Fisher titrator): about 5.5%

The XRPD result of the crystalline powder obtained above showed
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and 90 m of water and dried in air, to obtain 50.7 ¢
of the title conpound (yield: 85% as a white

w@eopsHgdosi ne powder. Mbi sture content (Karl - Fi BETEKR2008/000357

titrator): about 6.9% Based on the result of such
noi sture content analysis, the crystalline powder
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Example 4: Preparation of crystalline Form IV of atorvastatin strontium
salt

4.5 g of crystalline Form III of atorvastatin strontium salt obtained in
Example 3 was suspended in a mixture of 72 mé of acetonitrile, 18 mf of
distilled water and 9 m{ of t-butyl methyl ether, and the suspension was
stirred at 55 to 60 C for about 17 hours and cooled to room temperature.
The precipitate formed was filtered and resuspended in a mixture of 30 m{
of acetonitrile and 30 m{ of distilled water, and the suspension was stirred at
70 C for 24 hours and cooled to room temperature. The precipitate formed
was filtered and dried in air, to obtain 2.5 g of the title compound as a white
crystalline powder.

Moisture content (Karl-Fisher titrator): about 4.2%

The XRPD result of the crystalline powder obtained above showed
that the crystalline powder is a crystal having distinctively characteristic
main peaks (those having I/l of at least 10%), as shown in Table 4.
Accordingly, the crystalline powder is designated Form IV.
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Example 5: Preparation of amorphous form of atorvastatin strontium
salt

50.0g of crystalline Form III of atorvastatin strontium salt obtained in
Example 3 was dissolved in a mixture of 100 m{ of acetone and 50mé of
methanol, while warming to 50 C. The resulting solution was filtered.
To the filtrate, a mixture of 1,000 m{ of t-butyl methyl ether and 500 m{ of
isopropyl ether was added in one portion. The mixture was stirred for 1
hour. The precipitate formed was filtered and dried in air, to obtain 45 g of
the title compound (yield: 77%) as a white powder.

Moisture content (Karl-Fisher titrator): about 3.1%

The result of XRD analysis for the atorvastatin strontium salt obtained
showed an amorphous form having no distinctively characteristic peak as
shown in FIG. 5.

Example 6: Preparation of crystalline Form I of atorvastatin strontium
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salt 4.5 g of crystalline Forml1Ill of atorvastatin
strontiumsalt obtained in Exanple 3 was suspended in

w@2008%9395 of 72 ml of acetonitrile, 18 m of PUEKRRI08M00357

water and 9 m of t-butyl nethyl ether, and the

suspensi on was stirred at 55 to 60 "C for about 17

hours and cooled to roomtenperature. The precipitate
§sl¢med was filtered and resuspended in a mxture of 30

m of. acetonitrile and 30 mM of distilled water, and

the suspension was stirred at 70 C for 24 hours and
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di?;? sttdlihe péwideanpl e 5 : Preparation of anorphous form
atorvastatin strontiumsalt 50.CQg of crystalline

Form 11l of atorvastatin strontiumsalt obtained in

Maoastolre cBntems (KiaslsBishedtitrator)nabautr’e2% 100 m of

acetone and 50m of nethanol, while warmng to 50 C

The resulting solution was filtered. To the filtrate,
a m xThe XBPIY readt of die compoyndrmdtthipied eyhe thesdnsoss that of

]%f(ample 1.

Examples 7 to 11: Preparation of crystalline Form I of atorvastatin

strontium salt

The procedure of Example 6 was repeated except that 10.0 g of
crystalline Form III of atorvastatin strontium salt obtained in Example 3 was
suspended in water and an organic solvent as shown in Table 5, to obtain

each of the title compounds.

Table 5
Organic solvent | Amountof | . .. o Moisture

Ex. (Amount, m{) Water (md) Yield (%) content (%)

7 Acetone (100) 100 87 7.0

8 | Acetonitrile (100) 100 74 6.9

9 Acetone (50) 50 88 6.8

10 Isopropanol (50) 50 90 7.1

Methyl ethyl ketone
11 (50) 50 57 7.1
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i sopropyl ether was added in one portion. The m xture
was stirred for 1 hour. The precipitate fornmed was

w0 doBeIEL and dried in air, to obtain 45 g of PEEKR2GBA00357

conmpound (yield: 77% as a white powder. Mbisture
content (Karl-Fisher titrator): about 3.1% The result
of XRD analysis for the atorvastatin strontium salt

obt ai Th¢ XRPWe eesaitsafahp bonpobadsobtined were the same as that of

g&tl rictll vely characteristic peak as shown in FIG 5.
Preparation of crystalline Form]|l of

atorvastatin strontiunsalt 10.0 g of crystalline Form

of astatin st ontlu sa obtai.ned i n anql .
xaadple BB AR At pf SFLAATTE Fowtht B Athey R Brfntium
¢8R nm of water, and the suspension was stirred at
about 50 C for about 17 hours and cooled to room
tenperature. The precipitate formed was filtered,
vvasheﬁ Onigt of erysiatline Farfn IDofflatafvastatinastoontami it obtained in

o180, 304080 o DByt RePEACHRefliBo huBhiciBgr 60% fora
emdcérof o dayioe mord, datobtidar 2 -1Fg sifethettitle abmpoundbasua white
It of th d obt d th
és/%@gﬂgpﬁ??&a? “ample 1 Examples 7 to 11 o
Preparation of crystalline Form | of atorvastatin

RIS Wil (KPP RAGP Rildich Pdb SRy © was repeat ed

excep

The XRPD result of the compound obtained was the same as that of
Example 1.

Experimental Example 1: Water-solubility test

The atorvastatin strontium salt or a hydrate or polymorph thereof
prepared according to the present invention and the known atorvastatin
calcium salt trihydrate were each dissolved in deionized water or in
phosphoric acid buffer solution (pH 6.8) to saturation, and the remaining
solid was removed by filtering. Each of the saturated solutions obtained after
filtering was analyzed by HPLC according to the conditions measuring the
amount of atorvastatin, to determine the amount of atorvastatin dissolved.

The results are shown in Table 6.
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obt ai ned in Exanple 3 was suspended in water and an
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the title conpounds. Table 5The XRPD results of the

conpounds obtai ned were the sane as that of Exanple 1.

Exanpl e 12: Preparation of crystalline Forml of

atorvastatin strontium sal tTable @ of crystalline Form

Il of atorvastatin strontiumsalt obtained in Exanpl e
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Wat QW@S@B@QEJ‘?%M The atqjygstatin stronti gal t
or a hy@lﬂ@{d@ t@i‘ pol ymarph ther'eof prepared according

o—the—present—tnventton—and—theknowr—atorvastatin

c aAdporastatin Sﬁ‘@mﬂi\}@r at e vvere(f h dissolved in
dei @b@?&ﬂl]ﬂ@tﬁmﬂ‘) in phospho 3 acid buffer Qﬂ?l on

fhl_l ot i ol nl
| SANUA ] \¥J ac ot all U I, Clllu l ||C | Cllal ||| Tg DUI | U Vnﬁo

reﬁﬁowstgtlr_f SﬂrmelmumiIg Each of%%ge sat ur at ed soléjgbons
bt I d by HPLC
o @&I nﬁﬁﬁé %‘E)E ?lgn\r/\\esrmaenylzsg f io
Atorvaste%tm strontlum 0.25 0.8
(Crystalline Form III)
Atorvastatin strpntium 0.46 0.3 3
(Amorphous form)

<Condition for HPLC analysis>

- Detector: UV spectrometer at 248 nm

- Column: Synerge Fusion RP80 (4.6 mm x 250 mm, 4 (m)

- Column temperature: 40 C

- Elution condition: 0.1% phosphoric acid/acetonitrile = 55/45 (v/v)

- Flow rate: about 1.5 m{/minute
* Atorvastatin calcium trihydrate is the salt designated as Form Iin US Patent
No. 5,969,156, which was prepared according to the procedure disclosed in such,

patent.

As shown in Table 6, the solubility of the inventive atorvastatin
strontium salt or its hydrate or polymorph is at least 2 times higher than that of
the known atorvastatin calcium trihydrate, which suggests that the inventive
strontium salt or its hydrate or polymorph is more suitable for the release of
atorvastatin.

While the invention has been described with respect to the specific
embodiments, it should be recognized that various modifications and changes
may be made by those skilled in the art to the invention which also fall within
the scope of the invention as defined as the appended claims.
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i nventive atorvastatin strontiumsalt or its hydrate
or polynmorph is at least 2 tinmes higher than that of
the known atorvastatin calciumtrihydrate, which
WHSEE LS GlhAIMER ISnventive strontiumsalt or its
hydrate or polynorph is nore suitable for the rel ease

of atorvastatin. While the invention h?sr@een )
descr ilhed atervastatia paigentivm; salt spk cformala b pindis sydrates or

?E%gggfs:recogni zed that various nodifications and
nges may be made by those skilled in the art to the
i nvention which also fallf within the scope of the

i nvention as defined ag—fhe appended c|ainms. WHAT | S
CLAI MED | S| 1. tatin strontjumsalt of
formula (1)| or i hydriates en s ynorphs: 2. The
atorvastatin streotiys s% drate or

pol ynor ph_accordithg o Ml arml rch | sSa crystalline
form 3. The pf vastal\in strontiumsalt or its
hydrate or |pal yoormph agcerding to claim?2, which is
represented by formula (la): 4. The atptvastat (J)
strontiumsalt or its hydrate or pol ynorph accordi ng
to claim3, whose X-ray powder diffraction spectrum

hows j or peaks having VI.0 val ye f at_ least 9 .
300, 2 150 afbrRsfta ity syPor s 153rge o notfigitip §kdting to
thid 1, Whech ikd drystallibe fa8n9, 19.5, 19.8, 20.2, 21.3, -
22.7, 23.1, 24.3,

3. The atorvastatin strontium salt or its hydrate or polymorph according to
claim 2, which is represented by formula (Ia):

OH OH ”
coy | S
5H,0
L ak (Ta)
4. The atorvastatin strontium salt or its hydrate or polymorph according to

claim 3, whose X-ray powder diffraction spectrum shows major peaks
having I/I, values of at least 10% at 26+0.2 0 4.0, 4.8, 5.9, 6.5, 7.3, 7.8, 8.8,
9.5,9.8,10.2, 11.6, 14.7, 17.5, 18.9, 19.5, 19.8, 20.2, 21.3, 22.7, 23.1, 24.3,
25.6 and 26.3.

5. The atorvastatin strontium salt or its hydrate or polymorph according to
claim 2, whose X-ray powder diffraction spectrum shows major peaks
having I/I, values of at least 10% at 26+0.2 of 4.0, 5.0, 6.4, 8.0, 10.0, 10.3,
12.7,13.0, 16.6, 18.6, 19.1, 20.0, 21.8 and 22.2.
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gﬁéﬁg@qti on spectrum shows nmaj or peaks having 1/10
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?.tl- 1, tTH@ -a@orvlg}ﬁaﬁm s&ténﬁu@ggme& i hfzdrlaféw er pth)lz,rmaqﬂﬁmomrding to
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10 chadihd X hel B of Yas el bt sk it s are 91 P8l a
(I') or its hydrates or pol ynorphs, which conprises (i)

I NQI t tatin,of f i 01
Bact onBestongriainaphfin v PLEpbliae 8 pBLARSAM Abcdiding to
bledmokj ddiiclots @i gmarplions formehavingens digimatively gharacgeristic
L t adl di > . ] I i nd | t
Bx k0B Ky R B PR P LB (et R C For m of
the atorvastatin strontiumsalt or a hydrate thereof

bo ot l&efne%&i f"oer%reparing the atorvastatin strontium salt of formula (I) or
its hydrates or polymorphs, which comprises (i) bringing atorvastatin of
formula (II) or atorvastatin lactone of formula (IIT) to react with strontium
hydroxide; or (ii) adding a reactive strontium salt to atorvastatin sodium or
potassium salt to induce salt exchange; or (iii) converting one polymorphic
form of the atorvastatin strontium salt or a hydrate thereof to other desired
polymorphic form:

COz' Sr2+

1* @

OH QOH
CO2H

(1D
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pol ynor phic form 10. The nethod according to claim?9,
wherein the reactive strontiumsalt is selected from

WO b@8ge3ep consi sting of strontium chloride, SPCDRRR2M081000357
brom de, strontiumsulfate, strontiumnitrate,
strontium perchlorate, strontium acetate, strontium
carbonate, strontium oxalate and a m xture thereof.
11. A pharmaceutical conposition for the prevention or
treatnment of hyperlipidem a and hyperchol esterol em a,
whi ch conprises the atorv
hydr ates or pol ynor pk
active ingredient
carrier. 12. The co )g to claim 11,
which is a conpositidh for adrfPhi stration. 13.
The conpositi ongacser o o claim12, wherein the
amount of the at ast gt i rontiun1sajﬁ rits
hydrate or pol ynofph is tHe range of 0.1 ?2 95% by
wei ght based on the total conposition. 14. The
conposition according to claim 13, wherein the anount
9. t hThatiaethast aicondmigr tontlairm % avhermin iths régativat srantium salt

ol i . 1. ' .
fsh égfcg%% %apptpgﬁc; |tr glgﬁl_% %%n:sllsh%g%% g’%off@ﬁrghtchp(ﬁ?@eq Stfontium
bromide, strontium sulfate, strontium nitrate, strontium perchlorate,
strontium acetate, strontium carbonate, strontium oxalate and a mixture
thereof.

claim1l as an
Iy acceptable

11. A pharmaceutical composition for the prevention or treatment of
hyperlipidemia and hypercholesterolemia, which comprises the atorvastatin
strontium salt or its hydrates or polymorphs according to claim 1 as an active
ingredient and a pharmaceutically acceptable carrier.

12.  The composition according to claim 11, which is a composition for an
oral administration.

13. The composition according to claim 12, wherein the amount of the
atorvastatin strontium salt or its hydrate or polymorph is the range of 0.1 to
95% by weight based on the total composition.

14. The composition according to claim 13, wherein the amount of the

atorvastatin strontium salt or its hydrate or polymorph is the range of 1 to
70% by weight based on the total composition.
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