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cl opi dogrel bisulfate and a nmethod for preparing the sane, and nore
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200 lint, a pharnaceutical conposition or a tablet containing the same, and
a method for preparing the sane. BABSGRINOQN THE | NVENTI ON 15
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Dry granul ation conprises pulverizing and assenbling a slug or sheet, which
i's obtai ned through dry-conbi nation using a | ow speed tabl et press nachine

or aroller conpressor, mxing with a |ubricant agent, and conpressing the

m xture. However, when clopidogrel is formulated into a tablet by using dry
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resistance, etc.); (b) characteristics of solvents for crystallization

(sol ubi lity°®{¥nsity, tenmperature, viscosity, degree of supersaturation
concentration, ionic strength, etc.); 30 and (e) conditions for
crystallization (e.g., stirring nethod, stirring strength, input tine,

input ratio, input point, seed crystal, etc.). The diversity of these
factors is the obstacles to determ nation of optinmal particle form

The present inventors have prepared spherical aggl onerates and spheri cal
spherulites of clopidogrel bisulfate having a particular particle

di stribution by optim zing above factors, and have found that the particles
can effectively solve previous problenms. 5 SUMVARY OF THE | NVENTI ON



The inventive spherical particles can be used for preparing a tablet having
sufficient hardness through direct conpression, by inproving unformnul abl e
properties 5 of clopidogrel bisulfate such as conpressibility, flowability
and strong surface electrostatic charges, reduce a problemin conpressing
tabl ets such as weight variation, sticking, etc., and the risk of form
conversion, and inprove physiochem cal stability. Therefore, the spherical
particles of the present invention may be used as therapeutics for
arterioscl er osi sTaldets eteeprepayed by dired gdnafad methasls: wetceranhetians dnyegrerilation
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prepari ng spherical agglonerates by piling up particles around a seed
particle and a 5 nethod for preparing spherical spherulites by

pol ycrystallizing particles radially initirated fromstarting particle

nucl eus. Furthernore, the present inventors have found that spherical
spherulites of clopidogrel bisulfate are mainly crystalline Formll, and

t hat spherical aggl onerates of clopidogrel bisulfate arc mainly crystalline
Form 1. The nethod for preparing spherical particles of the present



(iv) stirring the m xed solution to prepare spherical particles; and 15(v)
filtering, washing and drying the particles to obtain spherical particles.
In the nmethod, the clopidogrel free base used as a starting material may be
obt ai ned by any process known in the art, or commercially avail able. For

i nstance, Korean Patent No. 10-0511238 describes that dextro-rotatory

el opi dogrel free base can be obtai ned by dissol ving clopidogrel
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the tablet. en a convéntional lubricating agent, e.,g., nmagneSium stearate
or zinc stéempgraturd, sviseositl.idegtdseofphipervaitieaiione PnceBiyEs), tion Strpngthmgic.);
deteri qrat sical 1 hi Lty - ¢l opi : | a e .to the
react i vty o Ul BR R cEo ah b Y sfhiod ARPAPRp Nl

phar maceut iig@lt ratopagiut ippint, stedmeyystabuge.).st Thkidigrsite of dhésewanrs mytlpoi nt
and, if nelted by heat generated.froml.ong-term high-speed tableting, may
act as a s6%?@9?XFUﬁﬁﬁﬂﬁWﬂg?éﬁPPPWVPHFL@F%EpﬁogreI bi sulfate and as a
medi um for form conversion. Further, the pharnaceutical conposition
conprising the spherical particles of the present invention is
characterized by conprising no additional ,binding agent. Typically, since
it isdifficult to prepare a tablet wth sufficient hardness when a | ot
anount of active ingredients is present in a pharmaceutical conposition,

t he conposition should further contain a binding agent such as
copol yvi done. However, 5 such binding agent nmay interact with clopidogrel
bi sulfate to bring about serious problens such as discoloration and



Hereinafter, the present invention is described in nore detail. The

followng Exanples are given for the purpose of illustration only, and are
not intended to limt the scope of the invention. Exanpl e 1:
Preparation of spherical particles of clopidogrel bisulfate (crystalline
Form1l) <1-1> Preparation of clopidogrel free base 554 g (1.0 nol)

of clopidogrel (1R)-(-)-canphor-10-sulfonate was dissolved in 300 m, of

di chl oronet hane, and a sol ution of potassium carbonate (138.3 g) in water
10 (300 nl) was Hudedseite myentorsThaveriprapared srherisali aggemergies3mdmspherigal ed
over anhydrous di u ul.f.ate, .an oncentr at . r ced.. to
obtain cl opﬁpg‘%'ilg 5P f]eczo%g%%relasbl%l?ﬁa&( 3}1%21?% QQS%I.&BQIE p o Cﬁgtg@lgéﬁ u(g};a
Prepar at i onofmisiedtioval fapptd, i apldelkavef fouhdphatogreeparbiclssi chat efectvglgt @llvd ne
15Form I) X 21'99&531 of cl opidogrel free base was dissolved in 2,000 nL
of 2- but andeViPss P Soy maintaining at 26 to 28C. Then, crystalline Form
| as a seed crystal (5- 20% relative to the anount of clopidogrel free
base) wa's added thereto. Subsequently, a solution of 62.3 g of sulfuric
acid (98% suVAMIARYLOFTErANVEXNTNON20 was added dropwi se thereto for 8 to
10 hours, whiTe cooling the solution to 0.5 to 2C. After addition, the

m xture was adjusted to a tenperature of 17 to 19C. Thirty mnutes to one
hour after addityonq, - F : 0 I QpIsRiReT hediclsr yst al s.
The filtered crylléfigl e}sﬁ \r/zt)/gjreg1 ﬁ’??ﬂejg %it@&%l{é%%ﬁ?gr{oﬁﬁﬁ%ﬁ spkfﬁg ob:pai n 258 g of
spheri cal paepifdegrels bistilfae yhavilg ¢haeacksistics sqijabdd doropwparingpa tablet by direct
Conpar Oi veco%xq,rrsgioﬁl 1. Preparation of powder-type particles of clopidogrel
bi sul fate (TCr stalth ne Form 1) 200 g of clopidogrel free base obtained in
Exanpl e <1-1> wals idi sthot \objkct nof3the2 pa@entninvehtiet Hyl paveteatephdrolacawsdl by

mai ntai ning at 26 to 28C.. Then, .a .sgluti.qon of 62, f furic i d, (98%
in 400 nL ocf""&?éllgé’ﬁe“)?&f‘?ém%é < RgC r%aﬁ{?\ﬁ gse(’{ RSP Ogl%fl g’rlsuif%]eo%nr . a?ﬂeghonq xture
was Vi goro%}yr@miﬁg@igs@hezo- 25C for 10-12 hours. The resulting powder-type
crystals were filtered. The filtered crystals were dried under . vacuum at
70-80C for 24 hdirs apethehrlicht 9kdhgy PEFseRHoYERLTY f pb‘&’l“% & @hlchhagingqmy) | ne
Form | {syi elfh:G&Wphysicochemical s_‘ca@ﬂﬁ?ﬁ?@%&r&@ kA SRIhepRirm b cRBad] alohPdsibn,
powder -type parti cries of 5cl opi dogre isulfate (crystalline Forml)

200 g of cladiaduepasitidnrmethpddwrestht ai ned i n Exanpl e <1-1> was di ssol ved in

sol ution of 62 dngrapriants pufit Sl MoHBisl ALyl ineByibh, ke iR
added dr opwipheridah@neictes dflcldmido@ehbignifate Tharingi ax partielevass (d0gorau¥) ypmset r r ed
at 18-20C for 6 hours. . The sul t er-type crystals were filtered.
The filter éﬁoré’rai)gtaéﬂagl%?ée {Jdﬁgéd)tféﬂg%%@g@uum at 70-80C for 24 hours to
igtT al ? ZéxSO 9I of fﬁ%@&daﬁdépﬁit?&ﬂ?dr@spfqm{f taé pﬁdsar(hjt! ih?a?tgmg theke ﬁsypnblvdieﬁ@/() :
es anpl e 1: Measurenent of particle size distri i 0 : e
particles d@?@%ﬁtl?% cERafpHe io%wl%ﬁ‘ﬁépé?ri%épﬁﬁ%ngloﬁgaﬁ’i?l EISWE?%’
anal yzed fof paihdceleadly? Gcddpibld %ﬂ&i‘pﬁﬂt Uk N@irédt Pfrhpredstors | BRv-ARtiNERT

(Mastersizer 2000, m Mal vern) "based on | aser diffraction, The sanples were
i nj ect ed athydrqxyerpykeellelose asap disinidersiing agsntnsalipidal sdicoscdigxiziions R

Mal vern) . 2l ¢l - ot =R d0.1), particle
si ze (dO. 5Eﬁlglﬁr&dg%éé%n?’caﬁg\gg@ggpﬁ%ﬁg@Tl{a%%eéQ%}sdt? t gmggr %g%g own in Table 1
bel ow. 45Tabl e 1]Inlacesmdiixanpitte adotBargspedboditipd predenCanyentigixghgreas prayidedia

52.536 pm ]téb gtzprglggrgd éggq BN pga(r(r)riaggutz:gl éo%po%mon by direct compression.

In accordance with another aspect of the present invention, there is provided a

method for preparing a tablet containing spherical particles of clopidogrel bisulfate,
comprising the steps of: 1) mixing the spherical particles of clopidogrel bisulfate; a
30  pharmaceutically acceptable excipient for direct compression; low-substituted
hydroxypropylcellulose as a disintegrating agent; colloidal silicon dioxide as a

fludizing agent; and sodium stearyl fumarate as a lubricating agent; and 2) subjecting



6.055 pm 85. 770 p.md(0.9) 106.074 pm 13. 724 pm 168. 393 pm 25Test Exanple
2: Stability Conparison between direct conpression and wet granul ation

The spherical particles of clopidogrel bisulfate (crystalline Forml)
obtained in Exanple I was conpressed into a tablet by using direct
conpressi on and wet 30granul ati on, respectively, and during above process,
di scoloration or increased inpurities were conpared. The prepared tablets
were placed into petri-dishes and stored under an accelerated test

condi tion (thempetuat wrdrccu@d@ressisinavithait hddingp hjndimsamnt, e foreontablet: and
purity test in accordance with U S Pharnmacopoei a for clopidogrel bisulfate
tablet. 5Specifically, the tablet according to direct conpression was
prepared using thie dorepos splanicalnpartibles roeh Hmdus.édsﬁor iploegehring Ex:ﬂxlmllmvmg and

t he tabl et a qQrdi.n nul ati on was ared usin S|tion
doscr bed i iESgRaIsSs SRR SmiBser oPaehaTEy Uiatuhhe HRERRRL o
prepared i nofE&R)FERio?rel bik@EdtOSRichY &y %bﬁlp@d%@ibﬂﬂy\/- slebabilityited strong surface

hydr oxypr opyl ce ose were m xed, and an aqueous_ solution of 10% 10 (wy)

hydr oxy pr opSle@estati s5ueess reduse ﬁd’é‘?bl%llﬁ EOBACHHRS BRETsUch @ deiehi yariation,
granul ati Or%’ucge an ar&H&i?ﬁe W 6 ﬁﬁﬁlem?xlvgl%lcﬁit a@@gnf)x%'i/e bRy é]@élfe%nca?@@hbﬂﬁgil oi dal

silicon dioxi ’sodium stearyl funmaraté were a ded hereto, followed by
conpr essi nglhduefory; drapbericad |paglc&5rqftth€r preseliventor mamebe used as therapghties 2

bel ow lists r edi d £ t granul ation,
15and Tabl efoﬁas?lnosc}%f%gs %%0 %‘raﬁfmf&go r%ﬁisd % rel at €d substances in
the tabloets. [Table 21 | ngredl ent Direct conpression Wet granulation One
tabl et (ny) i.dog bisulfate (crystalline Forml) -
Exanpl e 1 (Bﬁfﬁpbj MN%BR%&VA {35/ SuperTab | 1SID(R) 120.625 -

Lact ose hydrate (Phar mat ose 200MF) - 116.625

Fig. 1 is a microscope photograph of the spherical particles of clopidogrel
bisulfate Form I, obtained in Example 1.
15 Fig. 2 is an X-ray diffraction pattern of the spherical particles of clopidogrel
bisulfate Form I, obtained in Example 1.
Fig. 3 is a particle size distribution of the spherical particles of clopidogrel
bisulfate Form I, obtained in Example 1.
Fig. 4 is a microscope photograph of the powder crystals of clopidogrel
20  bisulfate Form I, obtained in Comparative Example 1.
Fig. 5 is a particle size distribution of the powder crystals of clopidogrel
bisulfate form I, obtained in Comparative Example 1.
Fig. 6 is a microscope photograph of the powder crystals of clopidogrel
bisulfate form I, obtained in Comparative Example 2.
25 Fig. 7 is a particle size distribution of the powder crystals of clopidogrel

bisulfate form I, obtained in Comparative Example 2.

DETAILED DESCRIPTION OF THE INVENTION

30 Hereinafter, the present invention is described in detail.



Low substi tuted hydroxypropyl cel | ul ose(LH 114) 30.0 30.0

I 1 ydroxypropyl cellulose (IIPCGL) - 4.0 Colloidal silicon dioxide 2.5 2.5
Sodi um stearyl fumarate 7.0 7.0 Total weight of tablet 258.0 258.0 [Table
31 Item Direct conpression Wet granulation Initial 2 weeks Initial 2 weeks
Appear ance White tablet Yellow sh tablet Yellow sh tablet Yellow tablet

W th brown

The present invention provides spherical particles of clopidogrel bisulfate
having a particle size (d0.1) of 30 um or more and a particle size (d0.5) of 50 to 200
pm.

The clopidogrel used herein is well known as an antiplatelet agent in the art,

5 which is effective in arteriosclerosis, stroke, myocardial infarction, atherosclerosis and

the like.

The clopidogrel bisulfate and a method for preparing the same are well known
in the art. The clopidogrel bisulfate may exist in crystalline Form I, Form II, or a
mixture thereof.

10 The spherical particles of clopidogrel bisulfate according to the present
invention are characterized by having a particle size (d0.1) of 30 um or more and a
particle size (d0.5) of 50 to 200 um. The term “particle size (d0.1)” as used herein
refers to a particle diameter at a point which the cumulative frequency of volumetric
distribution starting from particles with smallest diameter reaches 10%, and the term

15 “particle size (d0.5)” as used herein refers to a particle diameter at a point which the
cumulative frequency of volumetric distribution starting from particles with smallest
diameter reaches 50%. That is, the spherical particles of clopidogrel bisulfate in
accordance with the present invention has a particle diameter of 30 um or more at a
point which the cumulative frequency of volumetric distribution starting from particles

20 with smallest diameter reaches 10%, and has a particle diameter of 50 to 200 pm at a
point which the cumulative frequency of volumetric distribution starting from particles
with smallest diameter reaches 50%. More preferably, the spherical particles of
clopidogrel bisulfate have a particle size (d0.1) of 50 pm or more and a particle size
(d0.5) of 60 to 100 um.

25 When the particle size (d0.1) is less than 30 pum, the compressibility and
flowability of the particles are poor, the surface electrostatic charges and adherence
become higher, causing a problem in compressing tablets such as weight variation,
sticking, etc., and if the particles are not smooth, the flowability is deteriorated on
compressing tablets.

30 Further, when particle size (d0.5) is more than 200 um, weight variation on
compressing tablets may occur, processes such as mixing and sieving may be difficult
to be performed, and fine particles produced by abrasion cause a problem in

compressing tablets.



spots Rel ated substance A Not detected 0.13% 0. 36% 0. 96% Rel at ed subst ance
C 0.03%0.09%0.07% 0. 20% I ndi vi dual ©Maxi nrum Maxi mum Maxi num Maxi num

Uni dentified rel ated substance 0.11% 0.50% 0. 16% 0. 93% Total rel ated
substances 0.16% 1. 32% 0. 65% 2. 99% cont ent

In addition, the present invention provides a method for preparing spherical
particles of clopidogrel bisulfate. The present inventors have invented a method for
preparing spherical agglomerates by piling up particles around a seed particle and a

5 method for preparing spherical spherulites by polycrystallizing particles radially
initiated from starting particle nucleus. Furthermore, the present inventors have
found that spherical spherulites of clopidogrel bisulfate are mainly crystalline Form II,
and that spherical agglomerates of clopidogrel bisulfate are mainly crystalline Form I.
The method for preparing spherical particles of the present invention comprises the

10  following steps:

(i) dissolving clopidogrel free base in 2-butanol;

(i1) adding clopidogrel seed crystals to the solution;

(iii) adding sulfuric acid diluted with cyclohexane dropwise to the solution;

(iv) stirring the mixed solution to prepare spherical particles; and

15 (v) filtering, washing and drying the particles to obtain spherical particles.

In the method, the clopidogrel free base used as a starting material may be
obtained by any process known in the art, or commercially available. For instance,
Korean Patent No. 10-0511238 describes that dextro-rotatory clopidogrel free base can
be obtained by dissolving clopidogrel (1R)-(-)-camphor-10-sulfonate in

20  dichloromethane, adding an aqueous solution of potassium carbonate, stirring the
mixture, and concentrating the organic phase under vacuum.

The amount of clopidogrel free base used as a starting material in the method
according to the present invention may vary depending upon a solvent chosen,
preferably about 5 to 20% by weight.

25 Meanwhile, the step (ii) and step (iii) in the inventive method may be carried
out at a temperature of 0~40°C, preferably a temperature of 26-28°C, and the
clopidogrel seed crystals in step (ii) may be added in an amount of 5 to 20% by weight.

Further, the amount of sulfuric acid used in step (iii) in the inventive method
may vary depending upon a solvent chosen, preferably 2 to 50 % by weight.

30 Furthermore, the stirring in step (iv) in the inventive method may be carried out
at a temperature of 0 to 40°C, preferably at a temperature of 17-19°C, for 30 min to 24
hours, and the drying in step (v) may be preferably carried out a temperature of

70~80°C under vacuum.



99. 73% 98. 51% 99. 47% 96. 66% As seen from above results, the tablet
prepared by wet granul ation exhibited an increased di scoloration and

i mpurities during the process, and the increase was significant over the
course of tinme, conpared to the tablet prepared by direct 5conpression.
Therefore, it was found that direct conpression is suitable for clopidogrel

bi sulfate in terns of physicochem cal stability. Exanples 2 to 4:
Preparation of tablets using spherical particles of elopidogrel bisulfate
10 | n accoflanmpbengal hpartieles omsostiet| ensabsiyowmayn imatsive Anfsmgigble

t abl et ' ] ' ' p;
by sul {at o FOPRTCEPEHal B bERREPE E%ooP Ehb R SR o ABIAE G irone
bi sul f ate, Juaatostchydnid ehdrGeperiladdditibBDwhen Dormdlatedaintu b ahblePbrrdifecol

oxci pi ent o FUPTE A B BU SR B Gen S c 00 PAYAR St BBVT SutPu ose
(LH11(r5)) ASaditrl BirREHRAINY 8RR pi©®ldnOit abmprickdin® tabllitoXidheas Aeighsi |
20e) as a fiudi zing agent and sodium stearyl fumarate (Pru?) as i
| ubri cat i ngvasigene. sWekegs ey eidtaighgh iy eonvivedon, W%M?OV&WY@WE?@%@
L0, 3 2P i JHUTEL, COMBLEESARDiskga okt pek SRR, e
Qpadry pi nkysed as anreiffectiveingfedint am dherapegtipufar faretosedaresis, stiokp.omgecasdial
G, LT R Bl c 2 Bramle o Eramic 4 e tatlel ()
1) - Exmnpl e 1 9ThBpes&il .iBvEntidn .p8RGddsa phaendeydicat eorhP@ih@b comprising the
spherical particles of clopidogrel bisulfate. The spherical particles of clopidogrel
bisulfate are contained in an amount of 30 to 50% by weight based on the total weight
of the tablet. Meanwhile, the pharmaceutical composition of the present invention
may further comprise a pharmaceutically acceptable excipient for direct compression;

15 a disintegrating agent; a fludizing agent; and a lubricating agent, in addition to the
spherical particles of clopidogrel bisulfate.  The pharmaceutically acceptable
excipient for direct compression may be any one selected from the group consisting of
lactose hydrate, anhydrous lactose, mannitol, microcrystalline cellulose, silicified
microcrystalline cellulose and a mixture thereof, and it may be contained in an amount

20 of 30 to 50% by weight based on the total weight of the tablet. The disintegrating
agent may be preferably low-substituted hydroxypropylcellulose, and it may be
contained in an amount of 5 to 15% by weight based on the total weight of the tablet.

The fludizing agent may be preferably colloidal silicon dioxide, and it may be
contained in an amount of 0.5 to 2% by weight based on the total weight of the tablet.

25  The lubricating agent may be preferably sodium stearyl fumarate, and it may be
contained in an amount of 1 to 4% by weight based on the total weight of the tablet.
When a conventional lubricating agent, e.g., magnesium stearate or zinc stearate, is
used in the pharmaceutical composition, it may deteriorate physical/chemical stability
of clopidogrel bisulfate due to the reactivity of metal ions, and when vegetable oil is

30 used in the pharmaceutical composition, it may cause sticking due to low meting-point
and, if melted by heat generated from long-term, high-speed tableting, may act as a

solvent to lower stability of clopidogrel bisulfate and as a medium for form conversion.

Further, the pharmaceutical composition comprising the spherical particles of

9



D-mannitol - 120.625 Silicified 120.625 M eroerystalline cellul ose

Low substi tut ed hydroxypropyl cellulose 30.0 30.0 30.0 Colloidal silicon
dioxide 2.5 2.5 2.5 Sodium stearyl fumarate 7.0 7.0 7.0 Total weight of
tabl et 258.0 258.0 258.0 Opadry pink

the present invention is characterized by comprising no additional binding agent.
Typically, since it is difficult to prepare a tablet with sufficient hardness when a lot
amount of active ingredients is present in a pharmaceutical composition, the
composition should further contain a binding agent such as copolyvidone. However,

5  such binding agent may interact with clopidogrel bisulfate to bring about serious
problems such as discoloration and increase in impurities. As the spherical particles
of clopidogrel bisulfate according to the present invention have a superior
compressibility, they can be formulated into a tablet with sufficient hardness in high-
speed tableting, even with no additional binding agent.

10 Accordingly, the present invention provides a tablet prepared from the
pharmaceutical composition by direct compression.

Moreover, the present invention provides a method for preparing a tablet
containing spherical particles of clopidogrel bisulfate. The tablet may be an uncoated
tablet or a coated tablet. In an aspect of the present invention, the tablet of the

15  present invention is prepared by: 1) mixing the spherical particles of clopidogrel
bisulfate; a pharmaceutically acceptable excipient for direct compression; low-
substituted hydroxypropylcellulose as a disintegrating agent; colloidal silicon dioxide
as a fludizing agent; and sodium stearyl fumarate as a lubricating agent; and 2)
subjecting the mixture to direct compression without adding a binding agent, to form a

20  tablet.

Direct compression method is preferable for preparing a tablet containing
clopidogrel bisulfate. The spherical particles of the clopidogrel bisulfate have an
improved flowability and surface electrostatic charges, thereby significantly reducing
the risk of a problem in compressing tablets, and have a superior compressibility to

25  enhance production efficiency. In addition, they reduce significantly the risk of form
conversion of clopidogrel bisulfate, and improve physiochemical stability.

Meanwhile, the tablet may be coated with an appropriate coating agent, if
needed, e.g., for giving particular colors. The spherical particles of clopidogrel
bisulfate according to the present invention may be orally administered to a mammal,

30  atadosage of 1 to 1,000 mg/kg body weight, preferably 25 to 250 mg/kg body weight,

in one or more times daily, as a single dose or divided dose.

Hereinafter, the present invention is described in more detail. The following

10



10.0 10.0 10.0 Total weight of tablet 268.0 268.0 268.0 Conparative
Exanpl es 3-8: Preparation of tablets using clopidogrel bisulfate powder 5In
accordance with the conpositions shown in Table 5 below, tablets were
prepared using a powder of clopidogrel bisulfate (Crystalline Forml)
obtained in Conparative Exanples 1 and 2. In addition to each

el opi dogrel bisulfate, |actose hydrate (SuperTab 11 SD), Dnannit ol
(Pearlitol 100SD(r)) and silicified mcrocrystallinc cellulose (Prosolv
HD9e) 10 aBxasw@ephusrgivers B thi pewpscohplustaioamnly, Andsieset intendgd to limit

hydr oxypr op, lcOS € 16) as a disintegrating agent, coll oidal
silicon di o%%ggéﬂ(%g?%s]inl(/%é(r)) as a fludizing agent and sodi um stearyl
fwnarate (Pruv(r)) as a lubricating agent were sieved through a #30 nesh,

m xed, and conpr d int t abl et | .ect I on. usi
Tabl et machi ne. ESpma & Jrephiian ehirbsiET e eRs BhsPhgr i sl EY o
Conp. Bx OcHt@linEForm Ifonmp. Ex. 8 One tablet (ng) One tablet (np)

<1-1> Preparation of clopidogrel free base

554 g (1.0 mol) of clopidogrel (1R)-(-)-camphor-10-sulfonate was dissolved in

300 mL of dichloromethane, and a solution of potassium carbonate (138.3 g) in water
10 (300 mL) was added thereto. The mixture was stirred for 30 min, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure to obtain

clopidogrel free base as oil (yield: 99%).

<1-2> Preparation of spherical particles of clopidogrel bisulfate (crystalline

15 Forml
200 g of clopidogrel free base was dissolved in 2,000 mL of 2-butanol,

followed by maintaining at 26 to 28°C. Then, crystalline Form I as a seed crystal (5-
20% relative to the amount of clopidogrel free base) was added thereto.
Subsequently, a solution of 62.3 g of sulfuric acid (98%) in 400 mL of cyclohexane
20  was added dropwise thereto for 8 to 10 hours, while cooling the solution to 0.5 to 2°C.
After addition, the mixture was adjusted to a temperature of 17 to 19°C. Thirty
minutes to one hour after addition, the mixture was filtered to obtain spherical crystals.
The filtered crystals were dried at 70-80°C for 24 hours to obtain 258 g of spherical
particles of crystalline Form I (yield 95%).
25
Comparative Example 1: Preparation of powder-type particles of

clopidogrel bisulfate (crystalline Form I)

200 g of clopidogrel free base obtained in Example <1-1> was dissolved in

30 2,000 mL of ethyl acetate, followed by maintaining at 26 to 28°C. Then, a solution of
62.3 g of sulfuric acid (98%) in 400 mL of cyclohexane was added dropwise thereto

for 1 hour. The mixture was vigorously stirred at 20-25°C for 10-12 hours. The

resulting powder-type crystals were filtered. The filtered crystals were dried under

11



One tablet (ng) One tablet (ng) One tablet (nmg) One tablet (ng) C opidogrel
bisulfate (crystalline Form1l) 97.875 97.875 97.875 Cl opi dogr el
bisulfate (crystalline Formll) - 97.875 97.875 97.875 Lactose hydrate

120. 625 - 120.625

vacuum at 70-80°C for 24 hours to obtain 240 g of powder-type particles of crystalline
Form I (yield 92%).

Comparative Example 2: Preparation of powder-type particles of

5 clopidogrel bisulfate (crystalline Form I)

200 g of clopidogrel free base obtained in Example <1-1> was dissolved in

2,000 mL of 2-propanol, followed by maintaining at 26 to 28°C. Then, a solution of

62.3 g of sulfuric acid (98%) in 400 mL of cyclohexane was added dropwise thereto

10 for 3 hours. The mixture was vigorously stirred at 18-20°C for 6 hours. The
resulting powder-type crystals were filtered. The filtered crystals were dried under
vacuum at 70-80°C for 24 hours to obtain 250 g of powder-type particles of crystalline

Form I (yield 94%).
15 Test Example 1: Measurement of particle size distribution

The particles obtained in Example 1 and Comparative Examples 1 and 2 were
analyzed for particle size distribution using a particle size analyzer (Mastersizer 2000®,
Malvern) based on laser diffraction. The samples were injected at a pressure of 1 bar

20  with a dry module (Scirocco 2000®, Malvern). Each particle was measured for
particle size (d0.1), particle size (d0.5) and particle size (d0.9). The results are shown
in Table 1 below.

[Table 1]
Item Example 1 Comp. Example 1 Comp. Example 2
d(0.1) 52.536 um 1.052 um 8.475 pm
d(0.5) 74.567 um 6.055 pm 85.770 um
d(0.9) 106.074 pm 13.724 pm 168.393 um
25 Test Example 2: Stability Comparison between direct compression and
wet granulation
The spherical particles of clopidogrel bisulfate (crystalline Form I) obtained in
Example 1 was compressed info a tablet by using direct compression and wet
30  granulation, respectively, and during above process, discoloration or increased

12



D- nanni t ol
120. 625 -
30.0 30.0 30.0 Coll oidal

stearyl

120.625 - - 120.625 - Silicified mcrocrystalline cellul ose
120. 625 Low- substituted hydroxypropyl cellul ose 30.0 30.0 30.0
silicon dioxide 2.5 2.5 2.5 2.5 2.5 2.5 Sodi um

fumarate 7.0

10

15

impurities were compared. The prepared tablets were placed into petri-dishes and
stored under an accelerated test condition (temperature: 40+2°C, relative humidity:
75+5%) for content and purity test in accordance with U.S Pharmacopoeia for
clopidogrel bisulfate tablet.

Specifically, the tablet according to direct compression was prepared using the
composition and the method described in Example 2, and the tablet according to wet
granulation was prepared using the composition described in Example 2. The
spherical particles of clopidogrel bisulfate prepared in Example 1, lactose hydrate and
low-substituted hydroxypropylcellulose were mixed, and an aqueous solution of 10%
(w/v) hydroxypropylcellulose as a binder solution was added thereto for granulation.
The granules were assembles at 60°C for 12 hours, and colloidal silicon dioxide and
sodium stearyl fumarate were added thereto, followed by compressing the granules
using a rotary tablet machine.

Table 2 below lists ingredients used in direct compression and wet granulation,
and Table 3 shows the content of clopidogrel and related substances in the tablets.

[Table 2]

Ingredient Direct compression Wet granulation
One tablet (mg) One tablet (mg)
Clopidogrel bisulfate 97.875 97.875
(crystalline Form I) - Example 1
Lactose hydrate (SuperTab 11SD®) 120.625 -
Lactose hydrate (Pharmatose 200M") - 116.625
Low-substituted 30.0 30.0
hydroxypropylcellulose(LH-11%)

Hydroxypropylcellulose (HPC-L) - 4.0
Colloidal silicon dioxide 2.5 2.5
Sodium stearyl fumarate 7.0 7.0

Total weight of tablet 258.0 258.0
[Table 3]
Item Direct compression Wet granulation
Initial 2 weeks Initial 2 weeks
Appearance White tablet Yellowish Yellowish Yellow tablet
tablet tablet with brown
spots
Related Not detected 0.13% 0.36% 0.96%
substance A
Related 0.03% 0.09% 0.07% 0.20%
substance C

13



7.0 7.0 7.0 7.0 7.0 Total weight of tablet 258.0 258.0 258.0 258.0 258.

258. 0

spherical particles and powders of cl opi dogrel
t he conpositions described in Exanples 2 to 4 and Conparative Exanples 3 to
ets, the occurrence of problens in conpressing tablets such as

8 into tabl

Test Exanple 2: Conparison of conpressibility between

0

sticking was nDnitored In addition, the thirty conpressed tablets wer e

tested for ”“'Huu i i T n_accpr nee wi-t-hrgener-al—test Kot-eat
Phar macopogi qggq ¢ bror ]fb%ntable §1§§W% nea 5%@;?5r m£9§%?H ess
using a 10 n Iyz%# The neastréffent fesuPt&”%re kho Tab] e
[ Tabl e 6] Iten‘ie $kking Acceptance| val ue in wej ght variatijon test (%
Har dness(kp) f@esiaptee 2| x 2.4% 1 0- 12kp Exanplel 3 x 2.8% 10| - _12kp Exanple 4
X Total related 0.16% 1.32% 0.65% 2.99%
substances

content 99.73% 98.51% 99.47% 96.66%

As seen from above results, the tablet prepared by wet granulation exhibited an
increased discoloration and impurities during the process, and the increase was
significant over the course of time, compared to the tablet prepared by direct

5 compression. Therefore, it was found that direct compression is suitable for
clopidogrel bisulfate in terms of physicochemical stability.

Examples 2 to 4: Preparation of tablets using spherical particles of
clopidogrel bisulfate

10

15

20

In accordance with the compositions shown in Table 4 below, tablets were
prepared using the spherical particles of clopidogrel bisulfate Form I prepared in
Example 1.

In addition to clopidogrel bisulfate, lactose hydrate (SuperTab IISD®), D-
mannitol (Pearlitol 100SD®) and silicified microcrystalline cellulose (Prosolv HD90®)
as excipients for direct compression, low-substituted hydroxypropylcellulose (LH-11%)
as a disintegrating agent, colloidal silicon dioxide (Aerosil 200®) as a fludizing agent
and sodium stearyl fumarate (Pruv®) as a lubricating agent were sieved through a #30
mesh, mixed, and compressed into a tablet by direct compression using a rotary tablet
machine. Then, the tablet was coated with a coating solution of a film-coating agent,

Opadry pink, in a mixture of ethanol and purified water, followed by drying.

[Table 4]
Ingredient Example 2 Example 3 Example 4
One tablet (mg) One tablet (mg) One tablet (mg)
Clopidogrel bisulfate 97.875 97.875 97.875
(crystalline Form I) -
Example 1
Lactose hydrate 120.625 - -
D-mannitol - 120.625 -
Silicified - - 120.625

14
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.6% 11 - 13kp Conparative Exanple 3 o 17.7% 3 - 5kp Conparative Exanple 4
18.3% 2 - 4kp Conparative Exanple 5 o 17.4% 3 - 5kp Conparative Exanple 6
15.2% 4 - 6kp Conparative Exanple 7 o 15.5% 4 - 6kp Conparative Exanple 8
15.7%5 - 7kp As shown in Tabl e above, for Conparative Exanple 3
to 8 conprising a clopidogrel bisulfate powder, the m xture was not
snoothly supplied into a die due to

Oo0OOoON

Microcrystalline
cellulose
Low-substituted 30.0 30.0 30.0
hydroxypropylcellulose
Colloidal silicon 2.5 2.5 2.5
dioxide
Sodium stearyl 7.0 7.0 7.0
fumarate
Total weight of tablet 258.0 258.0 258.0
Opadry pink 10.0 10.0 10.0
Total weight of tablet 268.0 268.0 268.0

Comparative Examples 3-8: Preparation of tablets using clopidogrel

bisulfate powder

5 In accordance with the compositions shown in Table 5 below, tablets were
prepared using a powder of clopidogrel bisulfate (Crystalline Form I) obtained in
Comparative Examples 1 and 2.

In addition to each clopidogrel bisulfate, lactose hydrate (SuperTab 11SD®), D-

mannitol (Pearlitol 100SD®) and silicified microcrystalline cellulose (Prosolv HD90®)

10 as excipients for direct compression, low-substituted hydroxypropylcellulose (LH-1 1%
as a disintegrating agent, colloidal silicon dioxide (Aerosil 200®) as a fludizing agent

and sodium stearyl fumarate (Pruv®) as a lubricating agent were sieved through a #30

mesh, mixed, and compressed into a tablet by direct compression using a rotary tablet

machine.
15 [Table 5]
Ingredient Comp. Comp. Comp. Comp. Comp. Comp.
Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. §
One One One One One One

tablet tablet tablet tablet tablet tablet
(mg) (mg) (mg) (mg) (mg) (mg)
Clopidogrel bisulfate 97.875 97.875 97.875 - - -
(crystalline Form I)
Clopidogrel bisulfate - - - 97.875 97.875 97.875
(crystalline Form II)
Lactose hydrate 120.625 - - 120.625 - -
D-mannitol - 120.625 - - 120.625 -
Silicified - - 120.625 - - 120.625
microcrystalline cellulose
Low-substituted 30.0 30.0 30.0 30.0 30.0 30.0
hydroxypropylcellulose

15



15 poor flowability and the acceptance val ue exceeded the acceptance
criteria (15%. Further, the hardness of the tablets was significantly weak
and serious sticking occurred, making it inpossible for tableting. On the
contrary, the m xture containing clopidogrel bisulfate spherical particles
in accordance with Exanples 2 to 4 exhibited good flowability, uniform
wei ght, and superior strength, and no problenlln conpreSS|ng tabl ets. Test

Exa. | e 3- | PO | Ot Hde severe €On i A“ The + abl-et O the
pr eggnt i N §9 (?’J‘d'a'l sifor Q’Qdﬁuugcg‘é;;})rleiéb;:ru :2‘52 ;u;ﬁmr\,. a3 avii-tAble

Pl avi x t abj-pdipmptgantiumaais oe's TR ol 720 ydy o B0 s dog 7100 prOfa dr—s;z%g—and
eval uat ed fn'TOté ‘Wght Oﬁab]ﬁhdur 23&‘ ac c@sépat ed 5.3’85'( ;233 it nﬁ ’0* erpePat ut e

\
402C, relative hun1d|ty 755% by neasuri ng ontent and purlty [
accordance wth af U_S. Pharmac ela for |do ulfate t blet . the
measur ement resuf?é gf‘@"‘?ﬁ%\/\g‘a (2 mpgien; ° B\pégsfqulg' "8rhvi x
Tab I ni ti aparfioies wadlgowderd bmloﬁmgmgmlfﬁwear ance Pink tabl et P| nk tabl et
Pink tabl et Discoloration Rel ated substance A Not detected 0.10% 0. 05%

0. 72% Rel at ed substance C 0.04% 0.07% 0. 07% 0. 95% | ndi vi dual uni dentified
5 While compressing the compositions described in Examples 2 to 4 and

Comparative Examples 3 to 8 into tablets, the occurrence of problems in compressing
tablets such as sticking was monitored. In addition, the thirty compressed tablets
were tested for weight variation in accordance with general tests of Korean
Pharmacopoeia. Furthermore, the tablets were measured for their hardness using a

10 hardness analyzer. The measurement results are shown in Table 6.

[Table 6]
Item Sticking Acceptance value Hardness(kp)
in weight variation
test (%)

Example 2 X 2.4% 10 ~ 12kp
Example 3 X 2.8% 10 ~ 12kp
Example 4 X 2.6% 11 ~13kp

Comparative 0 17.7% 3 ~ 5kp
Example 3

Comparative 0 18.3% 2 ~4kp
Example 4

Comparative 0 17.4% 3 ~ 5kp
Example 5

Comparative 0 15.2% 4 ~ 6kp
Example 6

Comparative 0 15.5% 4 ~ 6kp
Example 7

Comparative 0 15.7% 5~7kp
Example 8

As shown in Table above, for Comparative Example 3 to 8 comprising a

clopidogrel bisulfate powder, the mixture was not smoothly supplied into a die due to

15 poor flowability and the acceptance value exceeded the acceptance criteria (15%).
Further, the hardness of the tablets was significantly weak and serious sticking
occurred, making it impossible for tableting. On the contrary, the mixture containing

clopidogrel bisulfate spherical particles in accordance with Examples 2 to 4 exhibited
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rel ated substance Maxi mrum 0. 11% Maxi m um 036% Maxi mum 0. 04% Maxi mum 0. 87%
Total related substances 0.17% 0. 95% 0. 20% 3. 05% Contents 99. 65% 98. 93%
99.47% 95. 26% As seen from Table 7, the exanple 2 conprising spherical
particles of 15 clopidogrel bisulfate has no change in appearance, and a
significantly slow increase in inpurities and content, conpared to
commercially avail able Plavix tablet, indicating inproved physi cochem cal
stability of the tablet according to the present invention. Test Exanple 4:
Stability Teed dlesabiliy.cendpen etveiebhdiend ovpedor strengthrmdt Q9 @rotdemt e
present inv 1.0 ed in Exanple 2 was packaged with silica gel in a
pol yet hyl en(g&%éor%%f[gtggl%' stored under accel eration conditions of gl10C | RE
75% The tablet was neasured for stability six nonths later in accordance
with U S. Pharngac ia fo i dogrel Bisulfate Tablet. The neasurenent
results are sho ?%‘?Hmlﬁgégaﬁggﬁ?%tg]“dﬁ%‘%e'ﬁ?r‘fo["éill'iuglsl nitial 3 nonths

5
The tablet of the present invention prepared in Example 2 and the
commercially available Plavix tablet (Plavix®, Sanofi-Aventis) were placed into petri-
dishes and evaluated for stability under an accelerated test condition (temperature:
40+2°C, relative humidity: 75+5%) by measuring content and purity in accordance
10 with of U.S. Pharmacopeia for clopidogrel bisulfate tablet. The measurement results

are shown in Table 7.

[Table 7]
Item Example 2 Plavix Tab
Initial Two weeks Initial Two weeks
Appearance Pink tablet Pink tablet Pink tablet Discoloration
Related Not detected 0.10% 0.05% 0.72%
substance A
Related 0.04% 0.07% 0.07% 0.95%
substance C
Individual Maximum Maximum Maximum Maximum
unidentified 0.11% 0.36% 0.04% 0.87%
related
substance
Total related 0.17% 0.95% 0.20% 3.05%
substances
Contents 99.65% 98.93% 99.47% 95.26%

As seen from Table 7, the example 2 comprising spherical particles of
15 clopidogrel bisulfate has no change in appearance, and a significantly slow increase in
impurities and content, compared to commercially available Plavix tablet, indicating

improved physicochemical stability of the tablet according to the present invention.

Test Example 4: Stability Test under accelerated conditions
20
The tablet of the present invention prepared in Example 2 was packaged with
silica gel in a polyethylene bottle, and stored under acceleration conditions of 40°C

/RH 75%. The tablet was measured for stability six months later in accordance with
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6 nmont hs Appear ance Round-shape of pink, filmcoated tablet Appropriate
Appropriate Appropriate Dissolution 30 mm 80% (Q 99. 38-101. 38%
98. 56- 100. 36% 98. 72- 101. 12% Purity Rel ated substance A 1.2%or |ess;
Rel at ed substance C 1.5% or |ess; Unknown conpounds: 0.2%or |ess; Total
rel ated substances: 2.5%or |ess Not detected 0.04% Max 0.11% 0.17% 0. 03%
0.06% Max 0.13% 0.27% 0. 09% 0. 08% Max 0. 14% 0. 39% Cont ent

U.S. Pharmacopeia for Clopidogrel Bisulfate Tablet. The measurement results are

shown in Table 8.

[Table 8]
Item Criteria Initial 3 months 6 months
Appearance Round-shape of pink, Appropriate Appropriate Appropriate
film-coated tablet
Dissolution 30 min 80% (Q) 99.38~101.38% | 98.56~100.36% | 98.72~101.12%
Purity Related substance A: Not detected 0.03% 0.09%
1.2% or less;
Related substance C 0.04% 0.06% 0.08%
1.5% or less;
Unknown compounds: Max 0.11% Max 0.13% Max 0.14%
0.2% or less;
Total related substances: 0.17% 0.27% 0.39%
2.5% or less
Content 95.0~105.0% 99.65% 99.16% 98.76%

As shown in Table 8, the tablet according to the present invention exhibited

good stability which meets the criteria of all items including appearance, dissolution,

purity and content.
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95. 0- 105. 0% 99. 65% 99. 16% 98. 76% 5As shown in Table 8, the tabl et
according to the present invention exhibited good stability which neets the

criteria of all itens including appearance, dissolution, purity and
content. What is clained is: | . Spherical particles of clopidogre
bi sul fate having a particle size (d0.1) of 30 umor nore and a particle
size (d0.5) of 50 to 200 um 5 2. The spherical particles of claim
1, wherein the clopidogrel bisulfate is crystalline forml, crystalline
formIl, orWhatisalaimediiser eof 3. A pharmaceutical conposition

conprising the spherical particles of 10 clopidogrel bisulfate of claim1;
phar maceutical |l y acceptabl e exci pient for direct conpression,;
| ow subst it ut ed hySpheigad paypigles off klopokerd bisalfdiediamnggr mariicly sagédd. 1) efadd oi dal

silicon dioxide as a Iudlz dium stearyl fumarate as a
| ubri cati ng"BGERIC™ & ap*ﬂ%eﬁ%ﬁ?ﬁigiﬂﬁéﬂkﬂjagdW%05|t|on of claim3, wherein
t he pharsmaceuti cal conposition does not contain a binding agent. 5.

A tabl et prepared fromthe pharpmaceuti cal osjtion of, clai dlrect
conpressi on. 20 2 hesP@ﬂlﬂfﬁﬁﬁﬁgﬁ Q%PMEPebé&?ﬁﬁ“hﬂFaQPBFbgﬁ H%?HF

spheri cal - parddisheforff 1 eaRALAN IRbEHhTiRkR EQEPI i Sing the steps of:
1) mixing the spherical particles of clopidogrel bisulfate of claiml; a

pharmaceutically acceptabl e exci pient for dlrect conpre55|on

| ow subst it ut ed gSngﬁﬁ g%ﬁﬁ&hcﬁ&gy$§R£1Q% 1%% ﬁ&h&ﬂ ggﬁg%sfunarate

colloidal silicon di Zin |un1st
as a | ubri cddpideprelgbisulfatand claim 1; ﬁl)arsmb@t&mahly\glccetp@hh etxorpeent cfod|d1@c1t

conpr essi Oncovrgptrehsgl%tn al%vx!- Sibsh tu? dnqugg)xygropylce 18101;69 08 tda st?llngztgr'ating agent;
colloidal silicon dioxide as a fludizing agent; and sodium stearyl fumarate as a

lubricating agent.

15 4. The pharmaceutical composition of claim 3, wherein the pharmaceutical

composition does not contain a binding agent.

5. A tablet prepared from the pharmaceutical composition of claim 3 by direct
compression.
20
6. A method for preparing a tablet containing spherical particles of clopidogrel
bisulfate, comprising the steps of:
1) mixing the spherical particles of clopidogrel bisulfate of claim 1; a
pharmaceutically acceptable excipient for direct compression; low-substituted
25 hydroxypropylecellulose as a disintegrating agent; colloidal silicon dioxide as a
fludizing agent; and sodium stearyl fumarate as a lubricating agent; and
2) subjecting the mixture to direct compression without adding a binding agent,

to form a tablet.
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