-1- CRYSTALS OF LAQUI NI MOD SODI UM AND PROCESS FOR THE MANUFACTURE THEREOF
5 This application clains the benefit of U S. Provisional Application No.
60/ 728, 657, filed Cctober 19, 2005, the entire contents of which are hereby
i ncorporated by reference. 10 Throughout this application various
publ i cations, published patent applications, and published patents are
referenced. The disclosures of these publications in their entireties are
hereby incorporated by reference into this application 15 in order to nore
fully describe the state of the art td which this invention pertains.
Background of the Invention Laquininod is a conpound which has been shown
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di scl osed i th ndatent No. 6,077,851, |aquininod acid was suspended in

et hanol_, and 5M sodi um hydr oxi de sol ution was added. After stirring, the
resultﬂﬁb precipitate was filtered, washed with ethanol, and dried. The
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Background of the Invention

Laquinimod is a compound which has been shown to be

20 effective in the "’ acute experimental autoimmune -
encephalomyelitis (aFAE) model (U.S. Patent No. 6,077,851).
Tts chemical name is N-ethyl-N-phenyl-1l,2,-dihydro-4-
hydroxy-5-chloro-l-methyl-2-oxoquinoline-3-carboxamide, and
its Chemical Registry number is 248281-84-7. The processes

25 of synthesis of laquinimod and the preparation of its sodium
salt are disclosed in U.S. Patent No. 6,077,851. &An
additional process of synthesis of laguinimod is disclosed
in U.S8. Patent No. 6,875,868.

30 In the preparation of laguinimod sodium disclosed in U.S.
Patent No. 6,077,851, laguinimod acid was suspended in
ethanol, and 5M sodium hydroxide solution was added. After
stirring, the resulting precipitate was filtered, washed
with ethanol, and dried. The method used to make laguinimod

35 sodium in U.S. Patent No. 6,077,851 is commonly referred to
as a slurry-to-slurry salt formation.




- 3 - Summary of the Invention Disclosed is a process for the preparation
of 1 aqui ni nod sodi um whi ch renoves the inpurities present after the salt
formation step, thus resulting in crystals of higher purity 5 as well as
crystals having inproved crystalline characteristics. The subject invention
provides a m xture of crystalline |aquininmd sodiumparticles, wherein 10%
or nore of the 10 total anpunt by voluge-of the |aquininod sodium particles
have a size of greater than 40 m crons. The subject invention al so

provi des a m xture of crystalline |aquininod sodium particles, having a

t apped density. of at 15 |ec 6 ] Lnyent L on, provi des
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recrystallization,of |aqui.ni ' 1:S4. 0 ikssol vi ng | aqui ni nod
sodiumTn ﬁéfg?n§%°?br%$%ﬁ: g%gﬁégggﬁgg%%gpéﬁ;ﬁggk%g%ggﬁﬁﬁéting t he aqueous
solution to forma concentrated solution; c) adding a water-m scible

anti - sol veappl 9chhes Coaee ouatiethsoltid elutreyfosrslummy Totmdt Somli ol
30crystal s, aa_sén&*?noaSséé‘{arﬁ'%smﬁlba%gmg?dﬁ%Wﬁcﬁ%hﬁ inafllie subj ect
i nvention afS$56 Priovi des™a process for  maki ng a pharnmaceutical conposition
conpri si ngviihuickheBd COBRPUMIS ARY RSt iN§itRgs- Disclosed is a process

10 for the preparation of laquinimod sodium which addresses
‘this.




- 4 - a) obtaining a batch of | aquininod sodium b) determ ning whether

i nsol uble matter is present in the batch of step a) by mxing a sanple from
the batch in deionized water at roomtenperature 5 at a ratio of at | east
110 ng of sanple to 1.0 nl of water, and inspecting the resulting m xture
for the presence of insoluble matter; and c) m xing the batch of step a)
with at | east one pharmaceutically agcgpgabl e carrier if in step b)

10i nsoluble matter is determ ned to be present bel ow a predeterm ned

anount . . - 5 - Brief Description of Figures
Figure 1: §é’3"r?ﬁmg°felg%:et rIc?rYer%té?%gr aph of | agui ni npd sodi um pr epar ed
accor di ng tR3sEtappfie 1f (HabPEPCE)s f Forn ERappFE2Iatipef §fe laquinimod

recr yslt al :c i st N thi:ﬂW:@mBEeéSCﬁlﬁmi ﬂ@xﬁisieﬁfensorpr@islemgh&phrothé esayst a:c lized
crystals from . Fi : npj C Lcr 0
recrystall if%ggaE)ér%ggt %‘%é’f r%h#ﬁzx%lr%pﬁlﬁg%%. E&Q%y“&%e{ac}ﬁf g@gglggcglg;:??gn of the
| nventi 8n Hfe swﬁﬁéct fRventrvHgtovi 8T1RI M xITPECWId cr FVERLAEDE

| aqui ni nod gRELuREpasticd es, wherein 10% or nore of the 5 total anount by
vol une of the I aquininod sodiumparticles have a size of greater than 40

m crons. In an enbodi nent of the m xture, 50% or nore of the total anount

by vol une d&fet heulbigflh nirBeNsHh uRFPEEAeT| 8s Pattler® 10%siF¥ssR1I§iBSEt er than
15 m crons.lagniaihodt ediembadirrenlest hashergtinr eldason meppedilepiety of at

| east 6 S : o] Y- 1 ggﬁ ; - | : her
enbodi rgrgnt ,QJOEE% %fbﬁ?e%s%é%%ffgetr% t.iy %'al%hmléliegslsotrgl ?4%8%21{?5!%% | east
0.3 g/nL, &avat 2| ehde of ByFater Fhagyet? MHGEREE-enbodi ment, the nixture has

a tapped density of less than 0.8 g/nL, or less than 0.7 g/nL.
The subject invention also provides a mixture of crystalline
laquinimod sodium particles, having a tapped density of at
15 least 0.6 g/mL. '

The subject invention also provides a composition comprising

laguinimod sodium and no more than 2 ppm of a heavy metal

calculated based on the total amount of laguinimod sodium in
20 the composition.

The subject invention also provides a process of
recrystallization of laguinimod sodium comprising:

a) dissolving laquinimod sodium in water to form an
25 agqueous solution;
D) concentrating the aqueous solution to form a

concentrated solution;

) adding a water-miscible anti-solvent to the
concentrated solution to form laquinimod sodium
30 crystals; and
d) isolating the laquinimod sodium crystals.

The subject invention also provides a process for making a
pharmaceutical composition comprising lagquinimod sodium
35 comprising:




20 In a further enbodi ment, the m xture conprises no nore than 2 ppmof a
heavy netal. The heavy netal may be iron, nickel or chromum 25 In an
enbodi ment, the m xture conprises no nore than 2 ppmof iron, no nore than

1.5 ppmof iron, or no nore than 1 ppmof iron. In a further enbodi nent,
the m xture conprises no nore than 30 0.2 ppm of nickel, no nore than 0.15
ppm of nickel, or no nore than 0.1 ppmgot nickel. In yet a further

enbodi ment, the m xture conprises no nore than 0.3 ppm of chrom um no nore
tﬂan 8 25 ppm o;a)chr @BHIMiGDY &) ®aAMLE of hadqdh rd niiIMseliiGhf orr:c umh no nore ]
than 0.15 ppm ofy, - 1 A n m,of chrom. um The
subj ect inventi on) al égtggg%%g}aingh%%%%pmgg%ﬁ%%'cq?r%l(:)%?t 8n pggﬁﬁﬁtsi ng any
of the disclosed nixt{r &§CakFtghs ofhsitracadt ibvamiyiage @ptsapirdec £moer . The
pharmaceuti cal conposhei bateny ihedeflohheed ofmed &t todurettipGaReee. The
subj ect g nvention al rayi des bt i sing | aquini,;nod sodi um
and no nore than 2 p%% gf Qé{:ﬁga(\)/é grr’%?%%%fo.llggl %grgfeda:ggs'ee %or:]L'tOhgL ot al
amount of | aqui ni nod °Sodfahftn #Md dpRPeRtINDnthThassudbjnaemiktigg be
iron, nickel or chrofonthe presymcenbadi n@siubld@ateen; cgndent of the
conposition is 15 et aq:?_@ an .1.5 or, no_nore than
1 ppm In a flr}?t heﬁﬁgng%dil&@nl%nt%o th%pcgpn%%s%?i g"r#ht hige%Pr]n}’L%ﬁseif, °C8ntent is
no nore than 0.2 ppnPRABTRAEFE ¥9edr Yo ae5eppahlorcarrins ddr dnt §48POPY ppm I n
yet a fudrther enbodi Heablablé henataeposis i alstdridnelr 0Bd UMBL ORr@RERkS NO
more than 0.3 ppm n@.RpLe,t iy re than 0.2 ppm no nore
than 0.15 ppm or no ﬁore? an Ze%e% iH%%]m ﬁ-{%not her enbodi ment, the
conposition is in crystalline form A conposition in the crystalline form
may be in the formof any of the disclosed enbodi nents. 30




- 8 - The subject invention also provides a process of recrystallization of
| aqui ni mod sodi um conpri sing: a)dissolving |aquininod sodiumin water to
form an aqueous sol ution; 5b)concentrating the aqueous solution to forma
concentrated solution; c)adding a water-m scible anti-solvent to the
concentrated solution to form |l aquini nod sodiumcrystals; and 10d)i sol ating
t he | aqui ni nod sodi um crystal s. I n_ag enbodi nent of the process, step a)
is perforned by . heating the aqueous solution to a tenperature of 40-80C.
15 In a furddiee pebedip®idn o Fhgupsocess, the concentrated sol ution
conprises 1-4 milliliters of water per gram of |aquininod sodi um In a
further enbodi nent of the process, the concentrated 20 sol ution conprises
1-2 millil iFigugeofl :wdtennjey sffenhuohn mdgupgraphl sbdiagninimofinsaddtiner
enbodi ment of the prgeessred Nec@MdLRP! ¥VENExhSp PO Ofpa il XUr 8x8f nore

t han onﬁ, of the grogg [ofo) S|st|§% 25 “of eth‘ng . 1 sppropanol, and acetone.
In anot Rer enbodi ment*3FPt%éd dur S8E8ES F?ﬁ?%é%ﬁ 1d8RELN- i s acetone. 30 In
yet anot her enbodi nent of the process, the anti-solvent is added in an
amount bet wgemked 2Rdsdinddd i liketsoRe mPabn! agi Nidmdssadh Yoy I'n
a further enbodi nent of tﬁg%%%pce%% éiep.g) is followed 35 by cooling the
solution to a tenperSt4F& SFoRFIBeLS 159 - | n yet a further enbodiment
of the process, step b) is followed by seeding the concentrated sol ution
W th | agui msgReesadi 88anPinglh@18ubkeRt hIMERRYrheA ab80 RQYsdgs1kagyi ni nod
sodi um prepared by any one of_the_disc osq% processes. A process for
maki ng a pharnaceutiEgYS &M BREBYDrt%i ng 10 | aqui ni nod sodi um
conprising: a) obtaining a batch of |aquininod sodi um




b) determ ning whether insoluble matter is present in the batch of step a)
by m xing a sanple fromthe batch in deionized water at roomtenperature 15
at aratio of at least 110 ng of sanple to 1.0 ml of water, and inspecting
the resulting mxture for the presence of insoluble matter; and c) m xing
the batch of step a) with at | east one pharmaceutically acceptable carrier
if in step b) 20insoluble matter is detgerm ned bel ow a predeterm ned

anount . I n one enbodi nent of the process, if insoluble matter in the

m xture of rdigile)d Pasdeiptismed Ak tovdeefuresent bel ow a 25 predeterm ned
anount, the process further conprises: d) dissolving the batch of step a)
in water to forman aqueous solution; e) filtering the aqueous solution of
step d) to Tluéebinet adByaRtE&Pn | REovLdee mat mbxtuwe befowdsttad line

predet er m rednamdmel, $9dieANCRMYidllcay Wi RAWMEOUS: SBkULIRR Off Sker €) to

form a gongentryat | on. ding_a water-msgible anti-solvent to
t he con%ent Fared %g?"ﬁu}q% (L)gr# o?clsufmgpq%f) a’fq'(’)e fg?g}f%nho&iﬁﬁdﬁﬁﬁ' PEFdFEPy st al s:
and - 10 -haved sosderngftHeeataguithrind suidinanser ystal s -of step g). As used
herein, a "pharmaceutically acceptable” conponent 5 is one that is suitable

for use wt f i mal s _w_t hout ue_adverse_side effects (such
as toxici tyf,]1 iTri %af?%ﬁée%gng@a@gr m:yéitc}lggbo'rélgg) %go%ﬁsﬁitaf:g‘ew%?ﬁag
reasonabl e FRWES 807 s umgt P, the FTageinimodrsediame rairsables abavpt abl e
carrien’td | sizeplodr gReatét citldry 13caeptadid € sol vent, suspendi ng agent or
vehicle, for delivering the instant conpounds to the aninmal or human. The
carrier is selected wth the planned manner of admnistration in mnd.

Li posomes dfe 2alf¥gthet semppdimeatut Fealmisdiytiee hasaz dearrpd @ens iy ofonpri se
a single campdeadton. i yinlk.extollcastpoiihdy/iihebeoht Xedlasaga gimt..can be
prepared for oral dosage forms, such as tablets, capsules, pills, powders,
20 and_granul es. Drug substance can be administered in adm xture with

sui t ablte pHaY ARCEHEFCSTPEF RN s thexParbBER, hak o pfrdrk dengity of at
least 0.4 g/mL, at least 0.3 g/mL, or at least 0.2 g/mL.

In yet another embodiment, the mixture has a tapped density
of less than 0.8 g/mL, or less than 0.7 g/mL.

20
In a further embodiment, the mixture comprises noc more than
2 ppm of a heavy metal. The heavy metal may be iron, nickel
or chromium. '

25 In an embodiment, the mixture comprises no more than 2 ppm
of iron, no more than 1.5 ppm of iron, or no more than 1 ppm
of iron.

In a further embodiment, the mixture comprises no more than
30 0.2 ppm of nickel, no more than 0.15 ppm of nickel, or no
i
more than 0.1 ppm of nickel.

In yet a further embodiment, the mixture comprises no more
than 0.3 ppm of chromium, no more than 0.25 ppm of chromium,
35 no more than 0.2 ppm of chromium, no more than 0.15 ppm of




carriers(collectively referred toherein asa 25 pharnmaceutically acceptable
carrier) suitably selected with respect to the intended form of

adm ni stration and as consistent with conventional pharmaceuti cal

practices. The unit will be in a formsuitable for oral adm nistration. The
drug substance can be adm ni stered al one but are 30 generally m xed wth a
pharmaceutically acceptable carrier, _and_co-adm nistered in the formof a
tabl et or capsule, |iposonme, or as an aggl onerated powder. Exanples of

sui t abl e sHrdmean| i &F Sid m@lr@dehmca.qsg)pnsw eReemP@hatin and agar. Capsule
or tablets can be easily fornmul ated and 35 can be made easy to swal |l ow or
chew, other solid fornms include granules, and bul k powders. Tablets may
contai n suithgbl subigesr s invehtigantslsai Irrovtislesdi s ntdgraecagtbgeht s,

col oring agepssitlayotoderiagernt skl O ivhduGiing1ageat fixankdeldd ng agents.

5 Speci tic | of_+-he techni S, pharmaceutj.cally acceptable carriers
and excf‘spi éﬁ%@ﬁ%tlnéﬁ/llﬁe uas'?é:&p% %gi%rng?ﬁleerdr alrh}fos rf"BF’ErEgb‘f’a{' he
present i nFORPPEARtEPR MRS &S Badthe. fprm jof 8. Sableit con capphileat i on
Publication No. 10 2005/0192315. For instance, the oral dosage form of the

present i nvgnt LQA- AR | kal i,ne-reacting ganponent, .said
conmponent \g?%f ggg% alrm%[ugr%‘ttilﬁg ?r%%part?gl}{a%f ?08%‘69}(?%7&} i GREPEHS TS

fornul at i orJraqulB%‘ﬂ%%/ e P harp Hreso Vi 2 oreief ab  heavini meiesl and
gorrpos%bijomlf:ﬁéaﬁ@dlk:hfbgsé&%ﬁg?héOﬁdﬁalu%ﬂlbuhiéi Bftmqlplh st sb@ﬂﬁﬂ&ix@n ar eg
escribed-in _the faoll.owng refer S: 1 ern ar,maceuti.c apters
and 10 (Barif er L& gégg?HEdiT?‘Sr sh,%%%gﬁdﬁt alf'l%cgﬁtil(%’fl’zduﬁi‘?égeo orns:
Tabl et s (LiICBBEM#¥A- et al ., 1981); Ansel, Introduction to Pharmaceuti cal
Dosage Fornms 2nd Edition (1976); Rem ngton's Pharmaceutical Sciences, 17th
ed. (Mack bLi.shi Ny, E n 1 . Advances.in .

Phar maceut igga%hsg#lgﬁ%é&g%&hg g%ﬁe??@%mﬁoﬁéﬁhe\] 6:%‘??5%%1%&153:5, I1‘3)92);
Advances i APPRathatedt iPPEr SO S198Es tver .- 5 BRW-d Cariermasie thasvok Jones,
James McQG pietny, Eds., 1995); Aqueous Pol yneric Coatings for Pharnmaceuti cal
Dosage Fornms (Drugs and the Pharmaceutical Sciences, Series 36

-~

In a further embodiment of the composition, the nickel
content is no more than 0.2 ppm, no more than 0.15 ppm, or
20 no more than 0.1 ppm.

In yet a further embodiment of the composition, the chromium

content is no more than 0.3 ppm, no more than 0.25 ppm, no

more than 0.2 ppm, no more than 0.15 ppm, or no more than
25 0.1 ppm.

In another embodiment, the composition is in crystalline
form. A composition in the crystalline form may be in the
form of any of the disclosed embediments.

30

35




30 (James McG nity, Ed., 1989); Pharnmaceutical Particulate Carriers:
Therapeutic Applications: Drugs and the Pharnaceutical Sciences, Vol 61
(Alain Rolland, Ed., 1993); Drug Delivery to the Gastrointestinal Tract
(El'lis Horwood Books in the Biological Sciences. Series in Pharmaceuti cal
35 Technology; J. G Hardy, S. S. Davis, dive G WIlson, - 12 - Eds.);
Moder n Pharmaceutics Drugs and the Phargraeceuti cal Sciences, Vol 40 (G| bert
S. Banker, Christopher T. Rhodes, Eds.). 5 Tablets nay contain suitable
bi nder s, | ubFheantspbjdesi ntieyeating agdsbs, molwddesg agenpsocébavordmg
agents, 11 opedndlicling -08h5s 21k TRliinbBYsB9RM Sons2l shpgl ance, for oral
ata

adm nistration 1n the ,do?@ge uni . t” form of et "or capsule, the active
drug component c&n b&LSSIHIHRE WRERTRHIOGD IR Adn Hederc topHREmadaut i cal |y

acceptabl e, inert carmduepussgchuiaion;act ose, gel atin, agar, starch, sucrose,

methyl gl |ulosey) dicakebuerpbosphalie Gahebbdn mmthoh soroidal o
arch, gel atin,

m crocrystalline cellul ose,_l |Ee. Sui tgbl e binders include st
15 sugars such as gl GEGSEREF3HRTE 29 8é, corn glucose, sulfate, and the
natural starch, €hnat édgingnd asyniatetri-olgaiisles ucdnids sadaenha, tbagatant h, or

sodi um al gi nate, poviaeenteatbexyartbybcetbulRse Rehumelhykengglycol

waxes, and the like. Lub iiants sed in these dosage Torns | nclude sodi um
ol eate, sodium 20 st é:glyﬁfi‘@, ®&§0tUm benzoate, sodium acetate, sodium

chlori d® steari® aciigolsbiinantis dagulinfinodrsidiun alrgsaatlst he |i ke.
Disintegrators include, without limtation, starch, nmethyl cellul ose, agar,
bentonite, anglt}an um_ Crosc rggl | ose sodi un% sodiium.starch gl ycol ate and
the |ike. 25 AS®uSBHCHEPE, Can RanPrOSBFventtel sah 48| PeREOFRedhPEn

| aqui ni nod BRGNS itheshigerys ssPlubls, teea ytegipeghthye sof ubl-80°ar.acti cal |y

i nsol uble, or insoluble at roomtenperature (20-25C). The solubility terns

?‘&3 deZLISnGdIn3 Oab%lu%%e:!: N8k 8851'913![1]1? €M tt et q::erolérélsg?d t teatggnc%?&:rrg%ggpoel a

solution comprises 1-4 milliliters of water per gram of
laquinimod sodium.

In a further embodiment of the process, the concentrated
20 solution comprises 1-2 milliliters of water per gram of
laguinimod sodium.

In another embodiment of the process, the anti-solvent is
one, or a mixture of more than one, of the group consisting
25 of ethanol, isopropanol, and acetone.

In another embodiment of the process, the anti-solvent is
acetone.

30 1In yet another embodiment of the process, the anti-solvent
is added in an amount between 3 and 15 milliliters per gram
of laquinimod sodium.

In a further embodiment of the process, step c) is followed
35 Dby cooling the solution to a temperature of below 10°C.




- 13 - TermParts of solvent required for 1 part solute Slightly
sol uble From 100 to 1000 Very slightly soluble From 1000 to 10, 000
Practically insoluble 10,000 and over Insoluble 10,000 and over

In yet a further embodiment of the process, step b) is
followed by seeding the concentrated solution with
laquinimod sodium.

The subject invention also provides laquinimod sodium
prepared by any one of the disclosed processes.

A process for making a pharmaceutical composition comprising
10 laquinimod sodium comprising:

a) obtaining a batch of laquinimod sodium;

b) determining whether insoluble matter is present
in the batch of step a) by mixing a sample from
the batch in deionized water at room temperature

i5 at a ratio of at least 110 mg of sample to 1.0 ml
of water, and inspecting the resulting mixture
for the presence of insoluble matter; and

c) mixing the batch of step a) with at least one
pharmaceutically acceptable carrier if in step b)

20 insoluble matter is determined to be present
below a predetermined amount.

in one embodiment of the process, if insoluble matter in the
mixture of step b) is determined not to be present below a
25 predetermined amount, the process further comprises:
d) dissolving the batch of step a) in water to form
an aqueous solution;

e) filtering the aqueous solution of step d) to
reduce the amount of insoluble matter to below
30 the predetermined amount; ‘
£) concentrating the aqueous solution of step e) to
form a concentrated solution:
g) adding a water-miscible anti-solvent to the
concentrated solution of step f) to form

35 laquinimod sodium crystals; and




As used herein, "density" is a neasurenent defined as the nmass of a

subst ance per unit volune. As used herein, "bulk density" or "BD' refers to
a density neasurenent of a | oose, unconpacted substance, wherein the vol une
of the substance includes the air trapped between particles. As used
herein, "tapped density” or "TD' refers to a density neasurenent of a
substance that has been tapped or vibrgfed, thus mnimzing the volune of

t he substance by elimnating or mnimzing the air trapped between

particles. The pyrificallomPfddPificikshakbiinCeppotids o8 yeugl |y
attai ned by rec%sta?’%?zaﬁhogg from a(tﬁéuilt abl e sol venfq?or m xture o?
sol vents. (Vogel's TeXt book of Practi cal Organic Chem stry. 5th edition.

Longman Scientific & Technical, 20 1989.) The recrystallization process
general Iy g éé&shéf@iﬁ,oléov\%mn@&@e%ic%)n@ %%@L:.Ebcaglgh_ecbﬁpgﬁent
crystal line substance I1n a $$F“6 bl e sol vent,tr}'e r the bhoil,i nglagm n

. b)
filteri Ry tife W& REtutiSoFYf Dat ¥ cFes Of A5 EUAPEY f-maﬁmé dust ;
c) al |l owi ngrittheuviiot usdhert imgivareecosids o FFecduse (sheh diassolkeadicttidst ance to

crystalli Z?leg:'i)tt;aﬁgQQ, d) x5ePanakikBect Nee Sitieal SchhfdhthensdipeiRat aat

sol ution. : wever, standar diecrystal lization techniques were
acconpani edFS\F PPERL6r PRBeY+ B TS kuté&T t8ppl i ed to | aquininod - 14 - sodium
As shown in Exanples 1-10, attenpts to recrystallize |aquininod sodium

resul teq i nppoor i el dgha%a@éwticmqwr eseitptapient i iy Mle@wi dess ana
industrially reproduci

, ie recrcysta%i zati onBEr ocess t%at resul ts in high
yi el ds of FPHAFRHEHIFELOYi RRCSPRECHT 0 FELYEBF+ { HEHEESERP ia}ﬁ/éhtt'i 8f uses an
anti - sol venteliirclwhi doxl dguinenow ddd dmsitenpr aempeends tonddeubpnémaln
or human. The carrier is selected with the planned manner
of administration in mind. Liposomes are also a

15 pharmaceutical carrier.

A dosage unit may comprise a single compound or mixtures of

compounds thereof. A dosage unit can be prepared for oral

dosage forms, such as tablets, capsules, pillls, powders,
20 and granules.

Drug substance can be administered in admixture with
suitable pharmaceutical diluents, extenders, excipients, or
carriers {collectively referred to herein as a
25 pharmaceutically acceptable carrier) suitably selected with
respect to the intended form of administration and as
consistent with conventional pharmaceutical practices. The
unit will be in & form suitable for oral administration.
The drug substance can be administered alone but are
30 generally mixed with a pharmaceutically acceptable carrier,
and co-administered in the form of a tablet or capsule,
liposome, or as an agglomerated powder. BExamples of
suitable solid carriers include lactose, sucrose, gelatin
and agar. Capsule or tablets can be easily formulated and
35 can be made easy to swallow or chew; other solid forms




addition, the process of the present invention concentrates 10 the

| aqui ni nod sodi um aqueous sol ution before the addition of the anti-sol vent.
The | aqui ni mrod sodi um manuf actured by the recrystallization processes of
the present invention has increased purity over 15 the |aquini nod sodi um
disclosed in the prior art. U S Patent No. 6,875, 869 discloses a process
of preparing the base conpound | aquiniinod in high yield and | ow | evel of
impurities. However, the process in U3 -Patent No. 6,875,869 is onl y for

synt hesi s Qf the base cqnmpound and not 20 .the sal As such, the .
siurry-to- %Pﬁﬁ'?éesaﬁrta"f‘lgﬂeﬁﬁt i%ﬁ?p]?‘é sEOUBEF Y- s&iaheﬁﬁ et ¥br m t he
sodi um sal suivhbleg| ubipdesss| utnyrszdntshor mkttuentpy ocdésipteyrauisiy

di scl osed kgenet, efddid @ity | BgEREDY | 'Ela%Bl‘ih?pLHdéri&S BRES LM ahdidde
starting materjal. 2(% Afecon ad%ant age of the recrystallization process
of the preSE€nt-FrvEATiBh T eRAF 6Rnental I y-friendliness, as water is used
as the primary solvent. 30 A third advantage of the recrystallization

process of gphei p1eseakahpyest i oA ignd hatedduRisNOd ppadindcEysial s of a
di sclosed in the prior

glrtghg e%?%&%@%%?%bv%&ﬁg UISQ:EEP'IW.qut 5’9‘?#13?%{%%2 é”?omé?‘c-‘l(rt]%f? n YAz &P
qualities fprmudatg subst drs@yss fogol & ddwpresssidnitl | iyverttiemabitéty of a
powder to deseedsed, -elp.; id 1. UPBLEAdEelpIRSTYLE, PR ERFRACNDI i tY,
t he ab%Bl t)éogé{glgg%pﬁ'r_ {Forbe cQ ress%gL into.a gb| et gf cerot ain strength
or hardnes§. Cfystars’wi th| oW %gﬁ%d Rsi®lare*i % kRthn °fo Hifve poor
fl owabi | i t preg@nenh deggntdonn andvackcwfp@seni fam m eykelisemtenttirtRudni ¢ et
et TRt CagboSek oo A ponc el By S8601 o o1 o
Ui or LY 260 T S, SRR bl TRELL A0 20l el pobt L ol
above 8.
15
General techniques and compositions for making dosage forms
useful in the present invention are described-in the
following references: 7 Modern Pharmaceutics, Chapters 9
and 10 (Banker & Rhodes, Editors, 1979); Pharmaceutical
20 Dosage Forms: Tablets (Lieberman et al., 1981); Ansel,
Introduction to Pharmaceutical Dosage Forms 2nd Edition
{1976) ; Remington's Pharmaceutical Sciences, 17th ed. (Mack
Publishing Company, Easton, Pa., 1985); Advances in
Pharmaceutical Sciences (David .Ganderton, Trevor Jones,
25 FEds., 1992); Advances in Pharmaceutical 8ciences Vol 7.
{David Ganderton, Trevor Jones, James McGinity, Eds.,
1995); Aqueous Polymeric Coatings for Pharmaceutical Dosage

Forms (Drugs and the Pharmaceutical Sciences, Seriés 36
30 (James McGinity, Ed., 1989); Pharmaceutical Particulate
Carriers: Therapeutic  Applications: Drugs and the
Pharmaceutical Sciences, Vol 61 (Alain Rolland, Ed., 1993);
Drug Delivery to the Gastrointestinal Tract (Ellis Horwood
Books in the Biological Sciences. Series in Pharmaceutical
35 Technology; J. G. Hardy, S. S. Davis, Clive G. Wilson,




A fourth advantage of the recrystallization process of the present
invention is that the resulting |aquininod sodium 15 crystals have

i ncreased particle size. Larger particles of |aquininmd sodiumare nore
processabl e when maki ng pharmaceutical conpositions. Smaller particles are
often associated with dust-like properties which may interfere with
processing in manufacture of pharmaceujs cal 20 conpositions. |In addition,
smal ler particles are sonetinmes associated with flowability probl ens which

may |h nt er f eBdes Wist MddermBplA a6hcde: iofs pr.:mafggacglltﬁi Qﬁﬁ qq{)gmctekeméal o

Fur t her nor N me 4 0st gnces,. 1 C fabi ity has, been own_to be
decr eased gscﬁe{%lg%%ﬁcr%cgfseq?n i%lr%gg a?éaﬁaﬁl%ter% resélf‘stsJWp *Smar | er

particle si®WdeercERSister, A Chpt 88, Renington's Pharnaceuti cal

Sci ences, 15th Edition, Mack Publishing Conpany, Easton, PA (1975)). - 16
- Experignent.gl; Let ai Det ] io wder. Density Bul k Density 51. Mx
powder; 2. ‘Iaglr.eeﬁeg 50}1'%1\’ en%%{;igcﬁi n él(riftgggg 0.1631r1 ge%Sdnsi tjit\l?lrtlﬁaﬂéfsance;

3. Transf erdtHEFERBEL I WRIRBEE c GRpAELRGgadeBt Ehe fdgvphine BOENgShel d at
appr oxi nat eflyoweri48udegyeageamgs £ skt meathhgvegan: siNt@nRpad sAppakents¥ol ume of

40 to 50 m . Is i 0 ining.th ample _t rtical
position bycréﬁs ﬁ??“l 59%5’%5}:%&5:%2?{?% Cﬁas\% I t elttv(;?EIC%Irﬁerr%fE of gggg%ﬁg?%
5. Read thé2RFHdrenthiGoPGREVEVEFLY oCoRRONTEREr €3 Pogicombaned whth: as. Wi gh

thekqéttiOndemaM,t hosat'rpkiac(fjﬂsim:bﬁcmmﬁec?ﬂ.fz?%é@éﬁﬂ&ﬂw gherV) ba?_ﬁ@@l cgggt e
u ensi ty, 4N i t i e tion. BD,= Va; .
Per f or m st %ghl-a%/ ;ﬂaaciaccr?%%:id #%Lp?gt?fl"g % ag\’/e(rg\ayaggga?§%gfoaﬁpl atupgee, Tapped
Densi ty ethyl) celpulgresafdca)rimwpePhosehats, catdigiame Bulkabensity
25in a Quamtzachitoie Dsatbidutbt amiicrstrysealliine cellwlosBer kaam 4R50 t aps;
3. Read the ;gappes, Maldine LVhaet® LHE108&T %ﬁ:%r%h?du‘?éf&fjnqi Uhatural
15 sugars such as glucose or beta-lactose, corn starch,
natural and synthetic gums such as acacia, tragacanth, or
sodium alginate, povidone, carboxymethylcellulose,
polyethylene glycol, waxes, and the like. Lubricants used
in these dosage forms include sodium oleate, sodium
20 stearate, sodium benzoate, sodium acetate, sodium chloride,
stearic acid, sodium stearyl fumarate, talc and the like.
Disintegrators include, without limitatieon, starch, methyl
cellulose, agar, bentonit?, xanthan gum, croscarmellose
sodium, sodium starch glycolate and the like. |
25 |
As used herein, an “anti-solvent” is a solvent in which
laquinimed sodium is slightly soluble, very slightly
soluble, ©practically inscluble, or ‘inscluble at room
temperature (20-25°C). The solubility terms are defined
30 Dbelow, in accordance with the United States Pharmacopoeia
XXV.




4. Calculate the tapped density in g/m according to the 30foll ow ng
equation: TD = MVf; 5. Performsteps 1-4 again and report the average data
of duplicates. - 17 - Determ nation of Particle Size The particle size

di stributions were nmeasured by Malvern Laser Diffraction, using the

Mast ersi zer S nodel. Laser diffraction relies on the fact that diffraction
angle of light is inversely proportiangt to particle size. Properties of
particles are neasured and interpreted as neasurenents of a sphere (a
sphere being the only shape that can be described by one unique nunber). In
addi ti on, | a L.ci-a 7 £ rll str L bution based
10 around voIUﬁe—{ernB, thus el im S
determ nation of particle si ze. Thepasstsrlsitzer S nodel neasures particles

using a singl[ETEGEET, BELWEIE a@ ST PFESH ATE teE 660y 15 {81 +=|the
particle si ze_r_pp_qq‘rg_pg#gb%l ow wnich 109% by volume distributiaonlof the
popul ation ig ‘Foina-TER 5olublgel HEPT 1% &P, 20-9€0 i crons, bel pw whi ch
50% by vol ung Bdiestichliy ams@flubﬁte ob@,u@ﬂﬂ |acmml bgetound.” D{0.9) 1S {he

particle si Zﬁ,-InisBl !.)}_TéUIIb, betowv T U(ﬂ}"é‘h’dyo% te-—26—-dist+~Hbut{ on of the
popul ation id found Determnatio ? Heavy Metals Metal content S
measur ed using-inductively coupl ed pl asna at omi ¢ eni ssi on spectronetry

usi ng an i nisictse| yersniupl| i iplyidsia at oasuermest odeEpa6Hr aEehy

(*] OP AES")nys amaBabL AL Sb:DYnBRegs1igd K eve, Cermany) - Sanpl e

di gesti was perfornmed in 65 itric acid, and the internal standard used
was scandi um 30 Note: In the foll ow ng exanples the volunes of sol vents
used are cadgulscechareliali Vould stasityly weiPn” dfefleaguitei mdeseditym The

yields are saldudabhd bE WeiighiehCrahhpacted Sl ALal, OfpBur i 1Y
Laqumlrmds |um£t ol ar Ul’lt¥ atlong Gét s \er e defnermned
by isocratit d ‘S a§&bﬁ CHe T‘Bjr the gBid CRPBREE oIS
(RP-HPLC), mesitiglem-ODS- 5 3V columm and a nobile phase conprised of a

m xt ur @ gof amoni um acetate buffer at pH 7.0 (80% and acetonitrile (20%.

The detectipn techni gue uItraV| ol et absorption t 240nm 10 Exanple 1
(met hod of %repa? ﬁﬁ%ﬁ%l ﬁ‘l sGarehyY’ Lod"qu?fﬁ? %’6? o s d5PEpaYed

accor di ng teeasweenenhoef a substance that has been tapped or vibrated,
thus minimizing the volume of the substance.by eliminating
or minimizing the air trapped between particles.

"S

15
The purification of impure crystalline compounds is usually
attained by recrystallization from a suitable solvent or
mixture of solvents. (Vogel's Textbook of Practical Organic
Chemistry. 5™ edition. Longman Scientific & Technical,

20 1989.) The recrystallization process generally comprises the
following steps: a) dissolving the impure crystalline
substance in a suitable solvent near the boiling point; b)
filtering the hot solution from particles of insoluble
material and dust; c) allowing the hot solution to cool to

25 cause the dissolved substance to crystallize out; and d)

separating the crystals from the supernatant solution. (Id.)

However, standard recrystallization techniques were
accompanied by low or no yields when applied to laquinimod




described in U S. Patent No. 6,875,869: 5-Chloro-1, 2-

di hydr o- 4- hydr oxy- | - met hy1l- 2- oxo- qui nol i ne- 3-car boxylic acid nethyl ester
(3.0 g, Nethylaniline (2 eq 2-2.88 m), 15 and heptane (60 m) were
heated and the volatiles, mainly heptane and fornmed nethanol, (32 m)
distilled off during 6 hours and 35 m nutes. After cooling to room
tenperature the crystalline suspensi-onigavas filtered and the crystals were
washed wi th heptane and dried in vacuumto yield |aquininod 20 acid (3.94
g, 98% assefium.tds ofHowshiiheERamslad sL-l0aqutpémpik an desryseanyesded into
| aqui ni nnd158diN [ ; e [ i n..U-S. Patent. No. 077, 851,
Exanpl e 2: Aegolﬁ?{‘?%n@%égﬁM SO ?&ﬁghy rogggg \rl)\‘fé";%lgrsépajr daW‘ZS | ution
of a 50% by REFGht FEHAHORY dPERVHRES 010 | dRdvariRldy wirehroderihle water to
the total wetuystallidaiion process that results in high yields of

NEt hyl -N- phgQyin imsa cgqu,ﬁlq- 4- hydr oxy-5-chl oro-1 - net hyl - 2-

0X0- qui nol i ne- 3-car boxam de (10.0 g) was suspended in ethanol (150 m) and
the previously prepared 5 M sodi um 30 hydroxi de sol ution was added to pH of
8-12 (5.6 Th¢.pidweswad iche Dredente ivwensibh reskd Gn anet Des1dthimut es at
anbi ent t egRes@t Ul 8oy ik S s pr.eci p k s filtered of f_and

rapi dly Was%gJU fw c%m\'mﬁ%]crd‘;t l#gtﬁélﬁgl( 2)%%50%#3&1%#%[e%?%?f’ﬁ%ee'wasmt hen
dried in V& Brerth® @FOLES850f Fhe (peeseny dnvenssondeencentpates el d 90%
Thi s pifocetlse i $aquinined keweiimmasgredakUsbYut Dot | bEfordr Qe Ssads doeaml e 2

Laqui ni nody 8 odidingiieRan gdraccording to Exanple 1 was added 5 to 6.1
vol unmes of water at 50C. The pH was adjusted to 12.5 by the addition of

NaOH and the mixture was stirred until conplete dissolution. 50.0 vol unes
of et hanol TheerkaqidechodTisedsoh uhdmnf ABa1redobgd the 26cBystdl Gigkal | i zation
occurred. dosgy 3 :nbagidy L} epared according to Exanple 1
was agged I%% 6.1 vol ume o% V\s/g%n er,r_? q??gg{éégﬁ %aesoéﬁ%\fﬁgsﬁcgj%‘ﬁ% £¥€t2. 5 by
the additidiF of 2RUTHINY SRR HhSslRgsdstin r he umyior] saconplUeSe

di ssol uti dietens0. Np v of LB 860 etilselobenerne addeds Olfe prebuik-iag was cool ed
to -18C buagtd &smMSd@ld | ZAG QR G WAl eﬂigﬁx@ﬂi& %4nd low level of
impurities. However, the process in U.S. Patent No.
6,875,869 is only for synthesis of the base compound and not
20 the salt. As such, the slurry-to-slurry salt formation
process would still be needed to form the sodium salt. The
slurry-to-slurry salt formation process pPreviously discloged
is not efficient in removing any impurities present in the
starting material.

25
A second advantage of the recrystallization process of the
present invention is environmentally-friendliness, as water
is used as the primary solvent.

30 A third advantage of the recrystallization process of the
present invention is that lagquinimod sodium crystals of a
higher density than the lagquinimod sodium crystals disclosed
in the prior art are produced. Low tapped density is
anathema to certain prized qualities in a drug substance

35 such as cbmpressibility, the abilit}} of a powder to decrease




20 Laqui ni nod sodi um prepared according to Exanple 1 was added to 6.1

vol unmes of water at 50C. The pH was adjusted to 12.5 by the addition of
NaOH and the mixture was stirred until conplete dissolution. 50.0 vol unes
of ethanol were added. The solution was cooled to -18C but no
crystallization 25 occurred. Exanple 5 Laqui ni nod sodi um prepared
according to Exanple 1 was added to 6.1 volunmes of water at 50C. The pH was
adjusted to 12.5 30 by the addition of OH and the m xture was stirred

until conpl ghevEiasd! ehdon. ol I, were added, The
sol ution wag %gi LT g %%Eéasg¥g’5.%?"F‘E’%ggg‘%ﬁ%‘:&ﬁ SRerEREINE Sl ut i on
was cool ed ToPHE SAn0° Py sTHREeSSefonnEe car FakiletTing cerpeindsinhendth
crystal | i ze@Twhsren¢s®yr diryend185winds e wappedOddhsiafy aRaROLs Mabed

solution 1: toanfla¥&Ss poor20r1owidad +at 5 der, _vacuum to _a constant wei ght
and was > be | aqui i (:tl?]éci"gl,%'#wn gseflugfg'ﬁ of" 58. Zg/g‘c}‘Di ussi on

?etgrimgged.to %ﬁ | aqui ni nod~aci,

of Exanples 2-5°7B'th BXafiptedn-i5 figdspedadoszaei Snrmas aspemin il by

di ssol ving the |tRpligksrod Sodindm i reta sanl | ampynt ofswat Ren ngd-Lyr addi tion
of ethanol @8aamaastt SOl Wil t g . sol yhi |i.t f ul ni rod sodi um
in ethanol 4s, ) ow Uggﬂ]ni rmtgms:%éd“l Bénqli QE&S%}TEL%}'I yltlggﬁﬂé?gtivkl 17410l& at room

10 tenperat UTe) “Hev HY¥Ss, My o441 iExphlsmsofofl ayuifmirmitiysadi um was

attai ned eveptieRughrearcgeeqialty t imsoftamtmuch asbldbs voh upms)nof. gt hanol

were adoed. at@ipl & GotlSel prikimH R 5 i nar.ed.accordin Exanpl e |
was added tgs%f vol unes of water at 1?%% E%géc%%%&aglﬁgfﬂsﬂé%gﬁ%%ﬁ. 5-11 by
the addition o OH and the m xture was stirred until conplete

di ssolution. The solution was cooled to 3C but no crystallization occurred.

20 Exanpl ¢ # chagh naawehisof W RhePaked aecor g J0 Bxample 1 yqs added
to 9.9 vol %se%t V@rtngerntalton76i%' t-g‘lﬁ: pt|_1|1gva gesauituisé‘lgeé;.a CP i i
guinimod sodium
15 crystals have increased particle size. Larger particles of
laguinimod sodium are more processable when making
pharmaceutical compositions. Smaller particles are often
associated with dust-like properties which may interfere
with processing in manufacture of pharmaceutical
20 compositions. In addition, smaller particles are sometimes
assqociated with flowability problems which may interfere
with the manufacture of pharmaceutical compositions.
Furthermore, in some instances, chemical stability has been
shown to be decreased by the increase in surface area that
25 results from smaller particle size. (Felmeister, A. Chpt 88,
Remington's Pharmaceutical Sciences, 15™ Edition, Mack
Publishing Company, Easton, PA (1975)).




10.5-11 by the addition of NaOH and the m xture was stirred 25 until
conpl ete dissolution. 30.6 volunes of isopropanol were added. The sol ution
was cooled to 5C but no crystallization occurred. D scussion of Exanples
2-7 30 Exanple 6 shows that nerely cooling an aqueous sol ution of
| aqui ni nod sodi um does not cause crystallization. Exanple 7 shows that
addi tion of isopropanol anti-solvent_ @lgagui ni nrod sodiumis very slightly
soluble in isopropanol at roomtenperature) to an aqueous sol ution of
| aqui ni nod gggdi-iiedEaXaREaA9E cause crystallization. - 21 - Exanples 2-7
show t hat standard nethods of recrystallization were not effective when
used for recrystallization of |aquininod, as either no crystallization
occurred oPeltewrtnagtidn] ofiyPowder tRenmdy Exanple 8 The sol ution of Exanple
7 was thenggopcgghsatyed by evaporation under vacuumto 3.8 volunmes. A small
anmount gf 10 1sol 1.d cr¥'§t allized out of solution. The m xture was cool ed at
7C over Ri ght . nRYGPE was filtered, and the solid crystals were washed
with 20 m of2.i Segeopan®l? mhdewmpte drliotlent B0G uAdetr gaebnaitibvatyonst ant
wei ght. The yielghiwasedeterm ned to be 11.2% 15 Exanple 9 The filtrate
from Exanpl e s cqllected, and,8.2 volunes (relative to startjn
| aqui ni nod s&gi %ﬁ$%gfan%ﬁ8 7?°V%%%W065H%F’ r§°§388g1?%’th53fiF?$ate at
room t enper at ur €yligdenebeing rzgled wit hepsopimateiyt avdd thegneeomhebeto 7C,
%nd ? solid cry&toalaldéﬁedeoyﬁ L_g{t;@@tbut% r%ih? m{eabts Yer€ \/@tslaﬁ_? W_thhéLO
of i sopropanql_.an re dri a under. vacuu a_constant. weig
2nd the vy el e a8, 5P Rebiids, Fondagot T riny IS Radi RPRGE-Sbd: um of
Exanpl e 7.) 25 Bepienidy baghawy mwissddi wndsrepar devadcbheli nolume Exanpl e
1 was added to %3 vekdirg.of water at 76C. The pH was adjusted to

5. Read the apparent volume (Va) to the nearest
15 graduated unit;
6. Weigh the cylinder with sample (the balance gives
sample weight M);
7. Calculate bulk density in g¢g/ml according to the
following equation: BD = M/Va;
20 8. Perform steps 1-7 again and report the average data of
duplicates.

Tapped Density
1. Put the same cylinder used to calculate Bulk Density
25 in a Quantachrome Dual Autotap instrument;
2. Perform 1250 taps:
3. Read the tapped volume (VL) to the nearest graduated
unit; '
4. Calculate the tapped density in g/ml according to the
30 following equation: TD = M/VE;
5. Perform steps 1-4 again and report the average data
of duplicates.

35




10.5-11 by the addition of NaOH and the m xture was stirred 30 until

conpl ete dissolution. 91 vol unes of acetone were added. The sol ution was
cooled to 5C and a crystallization of a small anobunt of solid was noticed.
The solid was washed with acetone and filtered and dried at 50C under
vacuumto a constant weight. The yield was determ ned to be 10.2% - 22 -
Exanpl e 11 Laqui ni nod sodi um prepar ed“accordl ng to Exanple 1 was added to
9.9 volunes of water at 76C. The pH was adjusted to 10.5-11 by the addition

of NaCH a”dnéﬂé‘imﬁ'hﬁ:i.’&?e%?%a%tt&&ié Hedintil conplete dissolution. The

sol uti on was concentrat vol umes using a rotation evaporator. 8.0
vol unes of HetbaetiEce atRfoddistTtEdonst (aFe dMRAUIRRS aPY i Yatvern
occurred. Thesdd Xbiffrawms onQohesirdo e 1Masveraizen . STheodsdl.i dhaasrfiltered

and dri ed f‘iggctdegﬁf r\ﬁﬁggm Oﬁ'xe %ﬁ@n{ha@' thffr%é\ﬁo%mé GBS o f

det erm ned I"aqui ni no 1eld of 90.3%_ Di'scussion of
Exanpl e 10k lfllﬂge%ﬁblpé’ofer ot ttr?apagaai:%? oh %Y EFEReFELEE anounts
of acetone ¢f aguithches am:llmeraasm:irearamd|mﬂ:|e|_r.prenedla@lmasmramehbseoﬂt room

t enper at ur ony£O0 at u S f i dpgodi um
pr ge. des Iga}w ;s?hgag < ré%glt@g Ilt%gL qgggl égL ﬁ? 2%)1%'de EIréllgoot er hand,
Exanpl e 11 %‘?ﬁﬁ?&ébﬁﬁat byt PREUI HPRBER so‘EFF@?ﬁ quecﬁﬁ’s AANERBR | sLRPREL

concentr at edfi ffandtiben caltihisoéyent pastddiled sitthe diisélrdbubion abasadnod

sodi um G ysialunar & dihall tAhde aamgntalaﬁnam sggaéena@r EolOt 2PoRequi red
to attain high yields 1n this_case. n’g qslnl 50|%g1$repared
accor di ng t@%‘@@aﬁh‘%ﬂaﬁ%&?v&cﬁ iAol u'ﬁ}%% dZeht 578 he pH
was adj ust etkdsmrd? Irdnjiciibe acdngi @n sfnNeOH ertthitdvwe mnd vaestaglstirred
until conpl ghgedisgseiglion. The solution was concentrated to 1.9 vol unes
using a rotary evaporator. The solution was transferred to a warned reactor

(j acket tenperature 50C.) - 23 -
15 DP{0.1) is the particle size, in microns, below which 10% by

volume distribution of the population is found. D(0.5) is

the particle size, in microns, below which 50% by volume

distribution of the population is found. D(0.92) 1is the

particle size, in microns, below which 90% by volume
20 distribution of the population is found.

Determination of Heavy Metals

Metal content was measured using inductively coupled plasma

atomic emission spectrometry using an inductively coupled
25 plasma atomic emission spectrometry (“ICP-AES”) system

manufactured by Spectro (Kleve, Germany). Sample digestion

was performed in 65% nitric acid, and the internal standard

used was scandium. l

30 Note: In the following examples the volumes of solvents used

are calculated relative to starting weight of laguinimod
sodium. The yields are calculated in weight percent.
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and crystallization occurred. The m xture was cooled to 3C and m xed for
1.5 hours in the reactor. The solid was filtered and washed with fresh
acetone, and dried at 50C under vacuumto a constant wei ght and was
determned to be 5 | aquininod sodium with a yield of 79.5% Exanple 13
(recrystallization w thout seeding) 46.7g of |aquininod sodium prepared by
a scal ed-up process follow ng the prpc?u_re of Exanple 1 (batch A), and
500m of 10 dei oni zed water were introduced into a | aboratory gl ass

reactor. %@:ﬁ%ﬂ&@; }fstﬁug,_g_ and heated to 50C until conplete

di ssol uti on 0 e so S was observed. The solution was filtered through
filter papéf2dUdid™Cre E‘PidFLF@r apds RRisHe dimRuri e degsrdabier REAARAESwash was
conbi ned Wivié’rel5 tbeefmingdit ebyTheisestdtidng sekukbed Washadet r oHuged into a

| abor at ory u %Engﬂl di e sol ution
was concen ate an(égv?aiE g?:l\%lrrl\’p%n er- vdc um@%@zgg u%%ﬁé’)g%‘o&ggvol unme of
112n. ﬁfté’rv e‘c‘/‘ab%t ﬁB at Hehirlés sﬂ?@%§°ﬂﬁ}’%&%‘%d°fo 2t eS| @fpressure
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t enper at ur &% @0 -hours. The solid product was isolated by filtration,
washed twice with acetone and dried under vacuum at 35-40C to const ant

vei 9ht1035 S edhY (RAHS WasSpeBhalNed. 1 A ndmé8: 4381 Thg starting

mat eri al
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15 and heptane (60 ml) were heated and the volatiles, mainly
heptane and formed methanol, (32 ml) distilled off during 6
hours and 35 minutes. After cooling to room temperature the
crystalline suspension was filtered and the crystals were
washed with heptane and dried in vacuum to yield laguinimod

20 acid (3.94 g, 98%) as white to off-white crystals.

Laguinimod acid was converted into laquinimod sodium using
the method described in U.S. Patent No. 6,077,851, Example
2: A solution of 5 M sodium hydroxide was prepared by
25 dilution of a 50% by weight sodium hydroxide solution (10.0
g) with sterile water to the total volume of 25 ml. N-
Ethyl-N-phenyl-1,2-dihydro-4-hydroxy-5-chloro-1-methyl-2-
oxo-quinoline-3-carboxamide (10.0 g) was suspended in
ethanol (150 ml) and the prev1ously prepared 5 M sodium
30 hydroxide solution was added to. pH of 8-12 (5.6 ml). The
reaction mixture was stirred for another 30 minutes at
ambient temperature. The resulting precipitation was
filtered off and rapidly washed twice with ethanol (2x150
ml) . The precipitate was then dried in vacuum over P20s to
35 give the title compound (9.5 g), yield 90%. This process is




di stributionby Malvern, mcron d(0.1) 1.5 13.3 d(0.5) 7.1 51.1 d(0.9)
23.2 105.1 Powderdensity, g/m BD 0.166 0.498 TO 0.347 0.758 Heavynet al shy
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known as a “slurry-to-slurry process.”

Example 2
Laquinimod sodium prepared according to Example 1 was added

5 to 6.1 volumes of water at 50°C. The pH was adjusted to 12.5
by the addition of NaOH and the mixture was stirred until
complete dissolution. 50.0 wvolumes of ethanol were added.
The solution was cooled to 2°C but no crystallization
occurred.

10
Example 3
Laquinimod sodium prepared according to Example 1 was added
to 6.1 volumes of water at 50°C. The pH was adjusted to 12.5
by the addition of NaOH and the mixture was stirred until
15 compliete dissolution. 100.0 volumes of ethanol were added. -
The solution was cooled to -18°C but no crystallization
occurred.

Example 4

20 Laquinimod sodium prepared according to Example 1 was added
to 6.1 volumes of water at 50°C. The pH was adjusted to 12.5
by the addition of NaOH and the mixture was stirred until
complete dissolution. 50.0 volumes of ethanol were added.
The solution was cooled to -18°C but no crystallization

25 occurred.

Example 5
Laquinimod sodium prepared according toc Example 1 was added

to 6.1 volumes of water at 50°C. The pH was adjusted to 12.5
30 by the addition of NaOH and the mixture was stirred until
complete dissolution. 50.0 volumes of ethancl were added.
The solution was acidified to a pH of 5.0 by the addition of
HCl. The solution was cooled to 4°C, and crystallization
occurred. The compound which crystallized was filtered and
35 washed with 20 mL of ethanol: water solution 1:1 and was




ICP, ppmFe 7 <2 N 0.6 < 0.5 C 0.7 0.3 Color Gey Of-white
PuritybyHPLC, area % Inmpurity 1, RT=5.49 0.06 Not detectable HPLC = Hi gh
Performance Liquid Chromatography RT = Retention Tine 5
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dried at 50°C under vacuum to a constant weight and was
determined to be lagquinimod acid, in a yield of 56.2%.°

Discussion of Examples 2-5

5 In Examples 2-5, recrystallization was attempted by
dissolving the laquinimod sodium in a small amount of water
and by addition of ethanol as an anti-solvent. Although the
solubllity of laguinimod sodium in ethanocl is low
{(lagquinimod sodium is slightly soluble in ethanol at room

10 temperature), nevertheless, no crystallization of laguinimod
sodium was attained even though large guantities {as much as
100 volumes) of ethancl were added.

Example 6
15 Laguinimod sodium prepared according to Example 1 was added

to 8.9 volumes of water at 76°C. The pH was adjusted to
10.5-11 by the addition of NaOH and the mixture was stirred
until complete dissolution. The solution was cocled Lo 3°C
but no crystallization occurred.
20
Example 7
Laguinimod sodium prepared according to Example 1 was added
to 2.2 volumes of water at 76°C. The pH was adjusted to
10.5-11 by the addition of NaOH and the mixture was stirred
25 until complete dissolution. 30.6 volumes of isopropanol were
added. The solution was cooled to 5°C but no crystallization.
occurred.

Discussion of Examples 2-7

30 Example 6 shows that merely cooling an agueous solution of
laquinimod sodium does not cause crystallization, Example 7
shows that addition of isopropanol anti-solvent {(laguinimod
sodium is very slightly soluble in isopropanol at room
temperature) to an agqueous solution of laguinimod sodiuﬂ

35 does not cause crystallization.




The net hod of Exanple 13 was acconpani ed by high yields which are

i ndustrially reproduci ble. Exanple 13 shows that the recrystallization
process 10 increased the purity of the |aquininod sodium as the inpurity
peak 1 was no | onger detectable after recrystallization, and the col or was
changed. In addition, the content of heavy netals Fe, NI, and Cr was
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anal yzéd for particle size distribution, powler density and 30 chemi cal

purity. ThegsylLtg are presented in Table 2: - 26 - Table 2. Properties
and puri ty'?ﬂj“?aqurni nod Sodi um Exanple 14
The filtrate from Example 8 was collected, and 8.2 volumes

(relative to starting laquinimod sodium in Example 7)
isopropanol were added to the filtrate at room temperature.
20 The filtrate with isopropanol was then cooled to 7°C, and a
solid crystallized out of solution. The crystals were washed
with 10 ml of isopropancl and were dried at 50°C under
vacuum to a constant welght and the yield was determined to
be 29.8% (of starting laguinimod sodium of Example 7.)
25
Example 10
Laquinimod sodium prepared according to Example 1 was added
to 2.9 volumes of water at 76°C. The pH was adjusted to
10.5-11 by the addition of NaOH and the mixture was stirred
30 until complete dissolution. 91 volumes of acetone were
added. The solution was cooled to 5°C and a crystallization
of a small amount of solid was noticed. The solid was washed
with acetone and filtered and dried at 50°C under vacuum to
a constant weight. The yield was determined to be 10.2%.
35




Qual ity paraneters Laqui ni nod Sodi um prepared accordi ng toExanple 1(batch
B) Re-crystallized product Particlesize distributionby Mlvern, mcron
d(0.1) 2.1 3.5 d(0.5) 10.8 15.7 d(0.9) 35.3 43.2 Powderdensity, g/m BD
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Example 11
Laguinimod sodium prepared according to Example 1 was added

to 9.9 volumes of water at 76°C. The pH was adjusted to
10.5-11 by the addition of NaOH and the mixture was stirred

5 until complete dissolution. The solution was concentrated to
1.4 volumes using a rotation evaporator.

8.0 volumes of acetone were added to the solution, and
crystallization occurred. The mixture was cooled to 7°C

10 overnight. The solid was filtered and dried at 50°C under
vacuum to a constant weight. The solid was determined to be
laquinimod sodium, with a yield of 90.3%.

Discussion of Examples 10 and 11

15 Example 10 shows that addition of even large amounts of
acetone {(laguinimod sodium is practically inscluble in
acetone at room temperature) to a non-concentrated agqueous
solution of laquinimod sodium provides low yields of
crystalline laguinimod sodium.

20
'On the other hand, Example 11 shows that if laguinimod
sodium agqueous solution is first concentrated, and then
anti-solvent 1is added, the yields of laquinimod sodium
crystal are high. Large amounts of anti-scolvent are not

25 required to attain high yields in this case.

Example 12

Laguinimod sodium prepared according to Example 1 was added

to 11.1 volumes of water at 78°C. The pH was adjusted to 12
30 by the addition of NaOH and the mixture was stirred until

complete dissclution. The solution was concentrated to 1.9

volumes using a rotary evaporator. The - solution ' was

transferred to a warmed reactor (jacket temperature 50°C.)

35 9.5 volumes of zcetone were slowly added to the solution,




0.189 0.224 TD 0.452 0.429 Heavynetal sby ICP, ppmFe 4 <2 N <0.5 <0.2
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and crystallization occurred. The mixture was cooled to 3°C

and mixed for 1.5 hours in the reactor. The solid was

filtered and washed with fresh acetone, and dried at 50°C

under vacuum to a constant welight and was determined to be
5 lagquinimod sodium, with a yield of 79.5%.

Example 13 (recrystallization without seedingj

46.7g of laguinimod sodium prepared by a scaled-up process

following the procedure of Example 1 (batch A), and 500ml of
10 deionized water were introduced into a laboratory glass

reactor. The mixture was stirred and heated to 50% until

complete dissolution of the solids was observed. The

solution was filtered through filter paper, and the filter

was washed with 10ml of water and the wash was combined with
15 the filtrate.

The resulting solution was introduced into a laboratory
reactor edquipped with a wvacuum distillation system. The
solution was concentrated by evaporation under vacuum (35-38
20 mbar) to a volume of 112ml. After evaporation, the pressure
was adjusted to atmospheric pressure and the Jacket
temperature was raised to 50°C, and 295g of acetone were
"added to the batch over 2 hours. Solid crystallization was
observed during the acetone addition. The batch was cooled
25 to 2°% and stirred at this temperature for 12 hours. The
solid product was isolated by filtration, washed twice with
acetone and dried under vacuum at 35-40°C to constant
weight. 35.7¢ of dry solid was obtained, yield 76.4%.

20 The starting material prepared according to Example 1 (batch
A) and the dry recrystallized product were sampled and
analyzed for particle size distribution, powder density and
chemical purity. The results are presented in Table 1:

35




area % . Inpurity 1, RT=5.52 0.03 0.00 Inpurity 2, RT=8.48 0.05 0.01

I mpurity 3, RT=12.19 0.03 0.00 Exanplel5(recrystallizationmethodw thseeded
5 crystallization - controlled nucleation in water) 25.0g of [|aquininod
sodi um prepared by a scal ed-up process follow ng the procedure of Exanple 1
(batch C) and 260nl of deionized water were introduced into a | aboratory

gl ass reactor. The m xture was stirred,and heated to 60C, and 10 conpl ete
di ssolution of the solids was observed. The solution was filtered through

filter papg{aﬁl%ﬂg_fﬁgﬁrt%g was hed-Mid bhel38hu ohi i Hoddhf, t BRaMesh Was

conbi ned w

13
Laguinimod | Re-
Sodium crystallized
prepared product
Quality parameters acoording
to Example
1 {(batch 3A)
Particle size | d(0.1) 1.5 13.3
distribution by [ d{0.5) 7.1 51.1
Malvern, micron d{(0.9) 23.2 105.1
Powder density, | BD 0.166 0.498
g/ml TD 0.347 0.758
' Ye 7 < 2
Heavy metals by =T e >
teF. ppm ; Cr 0.7 0.3
[Tolor Grey OFf—white
Purity by HPLC, | Impurity 0.06 Not
area % 1, RT=5.49 detectable

HPLC = High Performance Ligquid Chromatography
RT = Retention Time

The method of Example 13 was accompanied by high yields
which are iﬁdustrially reproducible.

Example 13 shows that the recrystallization process
10 increased the purity of the Ilaquinimod sodium, as the
impurity  peak 1 was no longer detectable after
recrystallization, and the color was changed. In addition,
the content of heavy metals Fe, Ni, and Cr was decreased.

15 In addition, the powder density of the laguinimod sodium was
increased, and the size of the particles was also increased.




filtrate. The resulting solution was concentrated by evaporation in a
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solution was filtered through filter paper, the filter was
washed with 36ml water and the wash was combined with the
1¢ filtrate.

The resulting solution was introduced into a laboratory
reactor equipped with a wvacuum distillation system. The
batch was concentrated by evaporation under wvacuum (37-
15 38mbar) to a volume of 153ml. After the evaporation
completion, the reactor pressure was adjusted to atmospheric
pressure and the jacket temperature was adjusted to 509%.
The batch was stirred for 25 minutes. At this stage
spontaneous crystallization of solids was observed. Then
20 450.5g acetone was added to the batch over 2 hours. The
batch was cooled to 2°C and stirred at this temperature for
1Zhrs, then the solid product was isolated by filtration,
washed twice with acetone and dried under vacuum at 35-40°C
to a constant weight. 64.2g of dry solid was obtained, yield
25 89.9%.

The starting material prepared according to Example 1 (batch

B) and the dry, recrystallized product were sampled and

analyzed for particle size distribution, powder density and
30 chemical purity. The results are presented in Table 2:




1.3 6.1 d(0.5) 5.9 21.2 d(0.9) 19.4 51.8 Powderdensity,
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Table 2. Properties and purity of Laguinimod Sodium, Example
14

g/m SD 0.158 No

Lagquinimod Re~-
Sodium crystallized
. prepared product
Quality parameters )
according
to Example
1 (batch B}
Particle size | d{0.1) 2.1 3.5
distr¥ibution by | d{0.5) 10.8 15.7
Malvern, micron d{0.9) 35.3 43.2
Powder density, | BD 0.189 0.224
g/ml TD 0.452 0.429
. Fe 4 < 2
Heavy metals by |__
— Ni < 0.5 < 0.2
I
r PP Cr T 0.2
Color - White White
Impurity 1
P Y > 10.03 0.00
RT=5_52
Purit b HPLC, | Impurity 2
Yoo | IRUEREY £ G 05 0.01
area % RT=8.48
Impurity 3
P Y 2 10.03 0.00
RT=12.19
Example 15 {recrystallization method with seeded

crystallization - controlled nucleation in water)

25.0g of laquinimod sodium prepared by a scaled-up process
following the procedure of Example 1 (batch C) and 260ml of
deionized water were introduced into a laboratory glass
reactor. The mixture was stirred and heated to 60°C, and
complete dissolution of the solids was observed. The
solution was filtered through filter paper, the filter was
washed with 15ml of water and the wash was combined with the
filtrate. The resulting sclution was concentrated by
evaporation in a rotation evaporator under vacuum (20-




81 N 2.91.1 O 3.51.5 Color Gey Of-white PuritybyHPLC, area %
Inmpurity 1, RT=5.49 0.02 Not detectable Inpurity 2,
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25mbar) to a residual weight of 60.0g. After the evaporation
completion, the residue was introduced into a laboratory
glass reactor which was pre-heated to 50°% (jacket
temperature). The batch was seeded with 0.2 g of solid
5 laguinimeod sodium and stirred for one hour, and
crystallization of solids was observed. Then 157.7g of
acetone were added to the batch over 2 hours. The batch was
cocled to 2°C and stirred for 12 hours. The solid product
was 1solated by filtration, washed twice with acetone, and
10 dried under vacuum at 35-40°C tc a constant weight. 22.6g of
dry sclid was obtained, yield 20.4%.

The starting material prepared according to Example 1 (batch

C) and the dry, recrystallized product were sampled and
15 analyzed for particle size distribution, powder density and

chemical purity. The results are presented in Table 3:




RT=8.38 0.03 Not detectable

i ndustri al

|y reproduci bl e.

Di scussi on of Exanples 14 and 15

Exanpl es 14 and 15 show that the

The
nmet hods of Exanples 14 and 15 were acconpanied by high 5 yields which are

recrystallization process increased the purity of the |aquininod sodium as

the inmpurity peaks wereno | onger detectableafter
the content of heavy netal s kg,

addi ti on,

crystals which resulted after
| ar ger tIﬁanTthecsysﬁﬁﬂp%rbﬁégféhdfﬁhﬂﬂ%%r¥§tﬁé&ﬁfﬁﬂﬁ
Fat-eon—wt-hout—seed

(crystalli
Water (532
| abor at ory
until a cl
then filte
of water a
sol ution w
evaporatio
t he jacket
35-40C. I n
pressure,
hours whi |
crystalliz

Jnﬂ_

...NI ’

nucleation’in

AHWSodluﬁ

9 -

-

10 recrystallization.
and Cr was decreased. The

recrystallizationin exanples 14 and 15 were
Exanpl e 16
the presence of acetone)

m ,) and | aqui ni nod
glass reactor (0.5
par sol ution was obt
- @82t kv ptrameders mi

s concentrated to 4

sodlun1(5
L).
ai ned. The
cron filter
nd t he wash was conbi ned with

10

n while stirring under a vacuu

pLaquinipace |
S8s@ansi on W3

B 1$§§% Jtion

1lter
| 953Nt e

od 1EZanbléer
M Ofp 3008 ]

nnprature Of

The 5

vol une

the t

In

Maoduced intol a
scheabedibea 70F 73C

RIRduE

The resul ti
alliter

ar while maint

i ng
rea

goled tol 50C and
vashed with 10mn

ctor by
ai ni ng

the reactor at about

m%ﬁg%aﬂmﬁﬁggﬁ&r

Jati op c"brrpl etion

#nd adj ust nent

Skt ordqt4onn) way
eMd heeraclkerbgnper g

St 1 aon mvfllrn Was_Cc(d

B added t

g
oled o a

oSide evapor g

t epper ature (¢

DiILon T esidue

)?22& over 2 hdqurs and

was kept g
by filtrat

t"THIF t enpeteRSire- f

&P 5-10 hd?<t58The sol |

dof dabad was d

iofmland 20 washed t

MTe wth H

O JA620f —acet

achiim +n N1 vyo
Tt v

NB. dasg et

IT

was dried
of dried n
Properties

rma dryer—at—36-46¢

diemvyal . mBtaelsesubi

ar

Adaor g
UTT VL

e Dreseg?%d in Tabl ¢

D
”

4. 7., 30 -

T4

wip,Lagwi ni mod Sodi y

ML Exanpl €

2.8 Quality

baraneters

Cr

3.5

1.5

Color

Grey

Off-white

Purity by HPLC,

Impurity

1,

RT=

0.02

5.49

Not
detectable

o
Kl

area

Imp
vy
RT=

urity
-03
8.38

Not
detectable

5

10

Discussion of Examples 14 and 15

The methods of Examples 14 and 15 were accompanied by high
vields which are industrially reproducible.

Examples 14 and 15 show that the recrystallization process

increased the purity of the laguinimod

impurity peaks
recrystallization.

Fe, Ni,

were

and Cr was decreased.

no longer

sodium,
detectable
In addition, the content of heavy metals
The crystals which resulted

as

the

after

after recrystallization in examples 14 and 15 were larger
than the crystals before the recrystallization.

ver

of
2

ol l ected
terial
176 gram (90. 6% yi el d)
bl e 4.




Laqui ni nod Sodi um according to Exanple 1 (batch B) Re- crystallized product
Particle size distribution by Malvern, mcron d(0.1) 2.1 15.7 d(0.5) 10.8
65.5 d(0.9) 35.3 156.4
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Example 16 (crystallization without seeding - nucleation in

the presence of acetone)
Water ({532 mL) and laguinimod sodium (52.3 g} were
introduced into a laboratory glass reactor (0.5 L). The

5 suspension was heated to 70-73°C until a clear solution was
obtained. The hot sclution was c¢ooled to 50°C and then
filtered through a 0.2 micron filter. The filter was washed
with 10ml of water and the wash was combined with the
filtrate. The resulting solution was concentrated to a

10 wvolume of 112 mL in a 1 liter reactor by evaporation while
stirring under a vacuum of 30-50 mbar while maintaining the
jacket temperature at 60°C, and the temperature of the
reactor at about 35-40°C. Immediately after the evaporation

. completion and adjustment of pressure, acetone (417mL) was

15 added to the evaporation residue over 2 hours while the
jacket temperature was maintained at 5@¢°C. The
crystallization mixture was cooled to a temperature of 2°C
over 2 hours and was kept at this temperature for 5-10
hours. The solid formed was collected by filtration and

20 washed twice with 50 mL of acetone. The wet material was
dried in a dryer at 30-40°C under vacuum to give 47.6 gram
(90.6% yield) of dried material. The results are presented
in Table 4:




Color White Wiite The crystals produced by the recrystallization process
were larger than the crystals of the starting material. 5 Exanple 17
(recrystallization of crude |aquininod sodiumw th insoluble inpurities) A
55 ng sanpl e of [ aquininod sodi um prepared by a scal ed-up 10 process
followi ng the procedure of Exanple 1 (batch D) was mxed in 0.5 nL of

dei oni zed water at anbient tenperature.. The sanple did not conpletely

di ssolve in water. Purification ap recrystalli zation of a sanple of

t he batch S, Pey forned as t 391 aqui ni nod sodi um
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the sol utionuuasetALMme@RGENt [HERAS) 353 156.4

Color White White

The crystals produced by the recrystallization process were
larger than the crystals of the starting material.

Example 17 (recrystallization of crude laguinimod sodium
with insoluble impurities)

A 55 mg sample of laquinimod sodium prepared by a scaled-up

10 process following the procedure of Example 1 (batch D) was
mixed in 0.5 mL of deionized water at ambient temperature.
The sample did not completely dissclve in water.

Purification by recrystallization of a sample of the batch
15 was performed as follows:

Water (391 mL) and laquinimod sodium of Example 1 (batch D)
(39.1 g) were introduced into a laboratory glass reactor
(0.5 L) . The suspension was heated by raising the jacket
20 temperature to 73°C. After 20 min the sgolution was not
clear. The suspension was warmed further by zraising the
jacket temperature to 75°C and a clear solution was still
not obtained. The hot solution was coocled to 50°C and
filtered through laboratory filter paper over a Buchner
25 fumnmel. 0.3 grams of solid residue remained on the filter
paper. A sample of the solid resgidue was tested for




5 under vacuum (P < 45 nmHg) while heating over the course of 30 min by
raising the jacket tenperature to 65C. After conpletion of evaporation, the
residue (82.1 m, 93.2 g, d=1.135 g/m ) was cooled by |owering the jacket
tenperature to 50C and agitated for 10 min. The batch was then seeded 10
with solid | aquinimod sodium and was stirred while maintaining the jacket
tenperature at 50C for 1 hour. Acetqp§1(316.7nL, 250.2 g) was then added to
the crystallizing mxture over 2 hours~af 50C. The resulting suspensi on was

hour s, The -SBRFEEY or A TS "Eot | B BoRFP: FAFT ofartt et heEhetl twi ce
with 31.3 §fotvahest srd. tige wash waserpubingd wWitkdthe &ilryatre.atTB-40C
U, vacuteus e ot Lthean | aduoinl L aaun, 1o
o O nSebBBLER L S5t ol e U DL SEELIEL eS|
cont ent i nUPPRE oY 2 WYL R rrodtSSEEHEM Yhple ihgpnisguiovieroihsodberseredar ed
accor di ngt coExampIwed ety DEhBe5aekyst alempbzedtnredust pid d Residue A
14.0 5.6 411:$m§:fet}:§c§n6§f8ggagoration, the residue (82.1 ml, 93.2 g,
d=1.135 g/ml) was coocled by lowering the jacket temperature
to 50°C and agitated for 10 min. The batch was then seeded
10 with s0lid laquinimoed sodium and was stirred while
maintaining the jacket temperature at 50°C for 1 hour.
Acetone  (316.7mL, 250.2 g} was then added to the
crystallizing mixture over 2 hours at 50°C. The resulting
suspension was cooled to 2°C over 4 hours and kept at this
15 temperature for another 11 hours. The solid formed was
collected by filtration and was washed twice with 31.3 g of
acetone. The wet waterial was dried in a dryer at 30-40°C
under vacuum to yield 31.7 gram ({81.1%) of dried
crystalline laquinimod sodium: The impurity content of the
20 crude lagquinimod sodium was tested by ICP before and after
recrystallization,




2.6 <0.5 99 Cu 2.8 1.3 64 Fe 31.5 5.8 1544 N 5.5 <0.5 69 S 466 <1 193 Zn
20.5 7.5 352
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Table 5. Impurity content in PPM of Laguinimod Sodium

Impurity Lagquinimod Re- Seolid Regidue
Sodium crystallized '
prepared product
according to
Example 1
{batch D)

AT 1.0 5.6 271

Ca 165 65 860

Cr 2.6 <0.5 9s

Cu 2.8 1.3 64

Fe 31.5 5.8 1544

Ni 5.5 <0.5 69

s 466 <1 183

zZn 20.5 7.5 352

Discussion of Example 17
Even though crude laquinimod wsodium had high insoluble
5 dimpurity levels before recrystallization, the
recrystallization process had lowered the impurity levels.
The high impurity content in the solid residue shows the
importance of filtration of agueocus laguinimod solution in
order to lower levels of impurities. Thus it is desirable
16 to lower the amount of insoluble matter to below an amount
that has been predetermined to cause deleterious effects
on, e.g., stability of the laquinimod formulation.




Di scussi on of Exanple 17 Even though crude | aquini nod sodi um had hi gh
insoluble 5 inpurity levels before recrystallization, the recrystallization
process had lowered the inpurity levels. The high inpurity content in the
solid residue shows the inportance of filtration of aqueous | aqui ni nod
solution in order to lower levels of inpurities. Thus it is desirable 10 to
| ower the anount of insoluble matter to _bel ow an anount that has been
predeterm ned to cause del eterious effett § on, e.g., stability of the

| aqui ni mod forrmulation, - 33 - Wat is Cained: 1. A mxture of

crystal | i neWhaguifi ARAE®SHI um particles, wherein 10% or nore of the total
anount by vol une of 5the | aquininod sodiumparticles have a size of greater

than 40 ”icronS'AZFdEQﬁr .?EUE y8Eafl fldn flaquihRmeln sed¥uAr paREEcDés f he
0 e
&%

total anount ‘by volune o aqui ni sodi 10part.cl es_have a_size of
greater than 15 Wherehs. 1&¢ ?ﬁemﬂ¥§ta?298? gﬁgg%faﬁ? 'm3Y of© ?m%aﬂfng a

t apped dgnsity ofthat 1heabtinthd spdiim pBriidies tisveurce sélzeapf greererns 1-3,
having a bul k dengity,@f drgast 0.4 g/nL. 5.The m xture of any of clains
1-4, having a ta%%é% éeﬁ?ﬁ%&nbf | ess than 0.8 g/nL. 20 6. The m xture of
any of clains 1-5, conprising no nore than 2 ppmof a heavy netal. 7. The

m xture of d.ai Mhhe whertern tdfe dlesivy het whefsip5pednornimekd® ®F ERfom um
total amount by volume of the laquinimod sodium
10 particles have a size of greater than 15 microns.

3. The mixture of any of claim 1 or 2, having a tapped
density of at least 0.6 g/mL.

15 4. The mixture of any of claims 1-3, having a bulk
density of at least 0.4 g/mL.

5. The mixture of any of ciaims 1-4, having a tapped
density of less than 0.8 g/mbL.

20
6. The mixture of any of claims 1-5, comprising no more
than 2 ppm of a heavy metal.
7. The mixture of claim 6, wherein the heavy metal is
25 iron, nickel or chromium.
B. The mixture of claim 7, comprising no more than 2 ppm
of iron.
30 9. The mixture of claim 7, comprising no more than 0.2

ppm of nickel.

10. The mixture of claim 7, comprising no more than 0.3
ppm of chromium.
35




8. The m xture of claim7, conprising no nore than 2 ppmof iron. 30 9. The
m xture of claim?7, conprising no nore than 0.2 ppm of nickel. 10. The

m xture of claim?7, conprising no nore than 0.3 ppmof chromum - 34 -
11. A mixture of crystalline |aguininmd sodiumparticles, having a tapped
density of at least 0.6 g/nL. 12. The m xture of claim1l, having a

bul k density of at 5least 0.4 g/nlL. 13._The m xture of claim1l1l or 12,
having a tapped density of |ess than 0.%4g7nL. 10 14. The m xture of any of

clainms 11-13,, conprisi_ng_no re than .2 ppmof._a heavy.netal_. .15.The

i xture of clh m T UBEE: REL FEY ey o R A RPN S Bk R S o um
15 16. The mi xt utevdhgchatapus! deswprysphehoenste Ot Raa/®Lppm of iron.
17. The m xture of claim 15, conprising no nore than 0.2 20ppm of nickel .

18. The m xtuwe claim15, conpri.si ng_more than.0. m of chrom um
25 10, A phebimcat CartEuansE! Chg e anpr PaVABS: Rethikt GeRoaFYarE BF ol af ms
1- 18 and%a phar ndeastti fakl 9/®lecept abl e carrier. 20. The pharmaceutica
conposition of claim19 in the form 30of a tablet or capsule. 21. A

conposi tion conprising |Laguinj sodi.um_and n han pm_of..a heavy
et ol cal oul it en s A0 SR P hEE {GLH ol o7 PRGUTS fod R Gt The
conposition. - 3 legz tiae Cdhed8ilti on of claim 21, wherein the heavy
nmetal is iron, nickel or chrom um 23. The conposition of claim22,

wher ei n ,the iJP”uﬁ&ﬁ%ﬁ@%u?ESoP°a£?r§%tJEElﬁ% RRMY 3, comprising no more

than 2 ppm of a heavy metal.

15. The mixture of claim 14, wherein the heavy metal is
iron, nickel or chromium.

15 .

16. The mixture of claim 15, comprising no more than 2 ppm
of iron.
17. The mixture of claim 15, comprising no more than 0.2

20 prm of nickel.

18. The mixture of claim 15, comprising no more than 0.3
ppm of chromium.

25 19. A pharmaceutical composition comprising the mixture of
any of claims 1-18 and a pharmaceutically acceptable
carrier.

20, The pharmaceutical composition of claim 19 in the form

30 of a tablet or capsule.

21. A composition comprising laquinimod sodium and no more
than 2 ppm of a heavy metal calculated based on the
total amount of laguinimod sodium in the composition.

35




24. The conposition of claim 22, wherein the nickel content is no nore than
0.2 ppm 10 25. The conposition of claim 22, wherein the chrom um content
is no nore than 0.3 ppm 26. The conposition of any of claim21-25 in
crystalline form 15 27. The conposition of any of clains 21-26 further
conprising a pharmaceutically acceptable carrier. 28. The conposition
of claim27 in the formof a tablet or 20capsule. 29. A process of
recrystallization of |aquininod sodi um%%ni)ri sing: a) dissolving |aquininod
sodiumin r form an,25aquequs_solution; . b) filtering the agueous
sol ution t\c,)\B# rm\tTg‘esd:IC]“E’Ols ﬁ??tPgsf:lﬁbrf’lcéhtré’@?%ﬁl?héhﬁqﬂgﬁﬁ-‘é B5F8tion to
form a concent r atied 1gohut norkel3@d) addompra. wat er - mi sci bl e anti-sol vent to
the concentrated solution to form |l aqui ni nobd sodiumcrystals; and
e)isol ating e | aqui ni nod, spdi um cryst al - 36 - by heating the aqueous
solution to 'ter:Fg‘ rﬁoﬂpgsbgl%_ C:i/%“i“ %e "ﬂ“refc?é?s%ﬁ dr§RoFOBESPRE 29- 30
wher ei n Bhe 5condéntwamede sidtant iZoppwonprises 1-4 nmilliliters of water per
gram of | aquininmod soditm 32. The process of claim 31 wherein the
concentrate olytion conprises 1-2 mlliliters of water per gram 10of
| aqui ni mod %o%i ur 33 “OfRaS J?Joocfbs§%of SRy of S%f ai FREBY32 Hhfter BiLfxEhe
anti-solvent is ooatedt asmxmpre dhamo? & tdpan one, of the group consisting
of ethanol, isopropanol, and acetone. 15 34. The process of claim 33
Mherelnl%heéﬁﬂtlT%%lvggépééiET%%tqg?'claim 22, wherein the chromium
content is no more than 0.3 ppm.

26. The composition of any of claim 21-25 in crystalline

form.
15
27. The composition of any of claims 21-26 further
comprising a pharmaceutically acceptable carrier.
28. The composition of claim 27 in the form of a tablet or
20 capsule.
29%. A process of recrystallization of laquinimod sodium
comprising:
a) dissolving laquinimod sodium in water to form an
25 agueous solution;
b) filtering the agqueous solution to remove solid
impurities;
c) concentrating the agueous solution to form a
concentrated solution;
30 d) adding a water-miscible anti;solvent to the

concentrated solution to form laquinimod sodium
crystals; and
e) isolating the laquinimod sodium crystals.

35 30. The process of claim 29 wherein step a) is performed




35. The process of any of clains 29-34 wherein the anti-20solvent is added
in an anount between 3 and 15 mlliliters per gram of |aquininod sodi um

36. The process of any of clains 29-35 wherein step ¢c) is followed by
cooling the solution to a tenperature of 25bel ow 10C. 37. The process of
any of clainms 29-36 wherein step b) is foll owed by seeding the concentrated
solution with | aquininmd sodium 30 38. _Laqui ni nod sodi um prepared by any
one of claim 29-37. 39. A process for'nﬁﬁiﬁg a pharmaceutical conposition

conpri sing | aquini_mod sodi u onprising: 35a)obtajning a batch of

| aqui ni nod sodi u#‘?y geﬁ'_?lqg g}ﬁﬁgggil?r‘?‘f‘l?nﬁoi)ﬁa%’t%rt? ndol WPETRERFSr 9fs
present in the baA&#®bL.step a) by mixing a sanple fromthe batch in

dei oni zed water at roomtenperature at a ratio of at least 110 ng of sanple

to 1.0 m 5of. wat.er nd inspecting the resulting n.xture for the presence
of insol ubl e‘fi%r'at t%‘r‘% }rlﬁ?cgfsm )?f%ngg_‘me tﬁljradfnsst ?8’3?’ WRHFSEE | &8 one
phar macelt i cal | y eriesEptaBedcaseiuhionf comptriges) ldsohiblEl mser dfs

determ ned to be yweseRerl@bahoyt a RPedehss tapgdanount. 40 The process of
claim39, wherein if insoluble matter in the m xture of step b) is

determ ned not to be present bel ow a predeterm ned anount, the
process 15f ub? herTheonpricsess 9t disedimvi Al twiersdinch tbé stepentratedat er to

forman aqueous sluition; Rmprikbering Wheiagveors sel wkiep gL.s ) to
reduce the am“”tc{tﬁflaﬂ nsglgglgo‘lje matter to bel ow 20t he predeterm ned anount;
e eous”s

f) concéntrating Wil TUtTn of step e) to forma concentrated

solution; g) adding a water-m scible anti-solvent to the concentrated
sol ution of 33ep fe t-JHIB of any of claims 29-32 wherein the anti- -

solvent is one, or a mixture of more than one, of the
group consisting of ethanol, isopropanol, and acetone.
15
34. The process of claim 33 wherein the anti-solvent is
acetone.

35. The process of any of claims 29-34 wherein the anti-
20 solvent is added in an amount between 3 and 15
milliliters per gram of laquinimod sodium.

36. The process of any of claims 29-~35 wherein step c¢) is
followed by cooling the solution to a temperature of
25 below 10°C.

37. The process of any of claims 29-36 wherein step b) is
followed by seeding the concentrated solution with
laguinimod sodium.

30

38. Dlaquinimod sodium prepared by any one of claim 29-37.

39. A process for making a pharmaceutical composition
comprising laquinimod sodium comprising:
35 a) obtaining a batch of laquinimod sodium;




25l aqui ni nod sodi um crystals; and h) isolating the | aquininmd sodi um
crystals of step Qg)-

- 37 =~

b) determining whether insoluble matter is present
in the batch of step a) by mixing a sample from
the batch in deionized water at room temperature
at a ratio of at least 110 mg of sample to 1.0 ml

5 of water, and inspecting the resulting mixture
for the presence of inscluble matter; and

c) mixing the batch of step a) with at least one
pharmaceutically acceptable carrier if in step b)
insoluble matter is determined to be present

10 below a prédetemined amount.

40. The process of claim 39, wherein if insoluble matter
in the mixture of step b) is determined not to be
present below a predetermined amount, the process

15 further comprises:
d) dissolving the batch of step a) in water to form
an aqueous solution;
e) filtering the aqueous solution of step d) to
reduce the amount of insoluble matter to below
20 the predetermined amount;
) concentrating the aqueous solution of step e) to
form a concentrated solution;
g) adding a water-miscible anti-solvent to the
concentrated solution of step f) to form
25 laquinimod scdium crystals; and
h} isolating the laquinimod sodium crystals of step

g).




