Process for .nodifying drug crystal formation The present invention
relates to a process for nodifying the crystal habit of acicular drug
substances, to the resulting crystal |l jjzed drug substances and-to
pharmaceutical conpositions conprising the same. S5Industrial -
crystallization inter alia ains at producing crystals of a defined
qual ity such as shape, particle size and/or bulk density. Usually,
crystals growin three directions, length, wdth and hei ght. Sone
crystal s IFpyesefor mayie/ieéruarcrisia fomheftienr ed growt h directions. For
exanpl e, acicular substances e.g. crystals in the form of needl es,
rods or c |IIar|

f d
di rection. ?I‘Fge?%ﬂ '%V%@Pﬂé%ﬁ te ﬁté’e"fg r@?ﬂf?ﬁsg gﬁ@ hc%sf al ﬁ?ﬂ?glnift gpicular

the so- caldf@s@mwesraim, reksling eRistdiizaatdryg bitghaices ad td:phafraaceutical
acicul ar cr sta . the rgga r the aspect ratio, the longer the
crystal n&EHpPes! ‘Orf%?%mEffs‘ @Peﬁmﬁ es. Acicular crystals often display

poor processability, inefficient processing, e.g. for the manufacture

of gal eni gRjusiriai- myswmzeﬂ@q :rﬁ@ﬂ@hat simisaatepredumingy cridtalsedfid défineanglizdity such
| ow bul k 15 densi t{#F1 g\ g F den ity of bel ow about 200 kg/ nB.
Thus the POFRERSPR Ebf'z agd/or 5y éiFES' onprising said crystalline

material may result in e.g. |low nmechanical stability of the

formul ati Qaualgn duyuwgigrararl vt ih@éegelrrdﬁmgelefr@thmﬁﬂw and meight. eauineecrysta!s
ressi.on net hod ble to

special ¢ d| f
crvetal nABReVEr 1Eer Basy B nb. et el "GPV GBrGIE OF - Pramblgg acioular
crystal i lulﬁbtéﬁ&lsémg chiysahd inothe,foh ofgieetilbarods y)sba;bxﬁarte"éhhaveraypr’ekrred

achi eved b arding th .cr.st rowth of th refer owt h

G 1 ecld onSVsiREBI b i et Fctbhe oe BB Py e el pRL b BT S ot
di lrECtl Othe Eﬁ-@élﬁcﬁ?bﬁect&ﬂﬁ? i@ ﬂgmﬂﬁffydﬁ@l&rﬂﬁﬁn HaV%ﬂacrerﬁféectystms the
pol ynor p et ar dat i of a crysta irectio

achi. eved erfgﬁaéaa‘f R §h? [ppgey \A%!S?rﬂ@‘?sf P RAP q'ﬁla%%ts and
adsorb onto the fastest grow ng face and thus hinder crystal growth
in this daciegr en:stdlmoﬂéﬁd@’p@;ﬂpmc&cﬂwooéssgwmjhlneffmhpcbdesmg,r §.gWédrl the

t abl i shed | t It d h_of
e GRS B Al o ke BB PR By
the adit densitgf eaddi bulkefersity df eslow dbait 200 Mi/mf.eThushtne forravietitrs of e.g.

paraffin r tals from ng, needl es. t hat, woul

Puer 11 nelblefs Spritiad 6 Zhstalip<Ina@RanEey et nad: pAgtedenisaP sty of
addi tive the fmwmmbnprmblmﬂesrrmy large Sotaentfamhawd/doesay usegire ospecial
i nfluence the cr. stal b|t of the solute, however, with an

unsat i sfa‘&cE'BPVS%%f&ﬁ OUS. | ncrease of particle size of acicular
crystals has been achieved by tenperature oscillation. Wen using

t énper at uit & mss desiedhi@ty medifsthal cSySTﬁ}l’ldbﬁM&l dfie @faﬁrae Iatgg ef tHavdrowtiuef the

h | | |

et uresBL TR AR ERee S fucn Rs T bBcRved bygatergne
t he Cl’h ys;m:ehme I eltgr@.frthmfym pidférred memewectﬁhearﬁimwlenbamcﬂmg thengrowtit diethe
growth o

h f
ot ocess | 650 BTN A B PR F TG TR SUep S P SREF SRPT O HRGey A i o

cause e. gpolgay@hiznnoi se and abrasi on of equi pnent.

Retardation of a crystal growth direction may be achieved e.g. by additives that act as
25  competitive agents and adsorb onto the fastest growing face and thus hinder crystal

growth in this direction. In ice-cream technology this method is very well established.

Carrageenan is added to inhibit needlelike growth of water ¢rystals in order fo avoid an

“icy” tasie. Another example is the addition of additives fo diesel fuel in winter that

prevents paraffin crystals from growing in long needles that would clog the fuel lines. In
30 case of a drug substance, the addition of an additive is however problematic.



10Thus, there is a need for a crystallization process for acicular
drug substances |leading to inproved crystal growh, particularly
applicable to industrial manufacture. Applicants have now found a
process for nodifying the crystal habit of acicular crystals of a
drug substance yielding a crystalline drug substance with inproved

bul k density and/or a reduced nean aspect ratio. Additional steps,
such as sdilveatd avedrecmpygadciatinfiuents dieearysthbhadoiihe Isolig hoverern, with an
m xers or ' for breaking the crystals, are not required.
The drug gﬁgéﬁég%ég%&%b@gﬁ'ned in accordance with the process of the

I nvention preferably has a bul k density above about 200 kg/ nB, e.g.
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kg/m®, and/or the mean aspect ratio is smaller than about 10:1, e.g. between about 1:1
20 and about 10:1, e.g. about 5:1, e.g. about 2:1.

Accordingly, the present invention provides a process for modifying the crystal habit of
acicular drug substances comprising suspending said crystals in a solvent system
having an efiect on the crystal habit and subjecting said suspension to a temperature
oscil!ation.. in another embodiment, the present invention provides a process for

25  recrystallization of acicular drug substances comprising suspending said crystals in a
solvent system having an effect on the crystal habit and subjecting said suspension to
a temperature oscillation. The present invention further provides a process for
prbducing drystals of an acicular drug substance having a bulk density of above about
200 kg/m®, preferably about 300 to about 600 kg/m®, and/or a mean aspect ratio of

30  below about 10:1, more preferably below about 5:1, even more preferably below about
2:1. The particle size of the crystals may be Increased by said process.



ao the crystal face may be fornmed. Steric effects may al so have to be
considered to allow the solvent-crystal or additive-crystal
interaction. E.g. in the case of an ionic conpound, preferably a
pol ar sol vent or additive is chosen, and-Bn case of hydrogen-bindi ng
conpounds, preferably a hydrogen bond-donor or acceptor solvent or
additive is chosen. 15Suitable solvents are those known to the
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oscillation starts wth heating of the suspension. |In order to avoid
total pro®lesant Mhdrgtheredkral days, e.g. of nore than two days,
Suitable additives are those known to the skilled person e.g. those described in J. Nyvit
and J. Ulrich “Admixtures in Crystallization” (VCH Weinheim, 1995), the contents
thereof being incorporated herein by reference. The additive may be present in an
30 amount of about 1 ppm to about 10% by weight of the drug subsfance.

The crystalline suspension is prepared-by methods known to a skilled person.



heating time and cooling tinme may be each e.g. about 20 to about 120
m nutes,” e.g. about 80 nminutes. Between heating and cooling, there
may be a tenperature holding 25 step, e.g. of a duration of about 5
mn. Preferably, the heating time may be-%horter than the cooling
time, e.g. the heating time nay be about 25 m nutes and the cooling
time may be about 80 m nutes. In general, -the higher the nunber. of
osci | | at i dypicaliyhéherenystaishere aiqpecdedrinta sohenhsisidmwartbst d signifoaht Emsount of
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and dried. Drying of the crystals, e.g. in a rotary dryer, may
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‘m xture ofiegtiahaf ty aispensiohvents, e.g. a mixture of water and an
al kanol such as.indicated above. A typical tenperature oscillation is

Further oo 8RBT €0, Saherobte Mneoal Perimeteo 8k ot Bafsnan b Jpve.
forms or Réutaditine ahd eoslirgf tirg enghbaekcl eay iabhoor 20nje aptentilaméutes, e.g.
sodi um ha Vciu?%op:{qﬁﬁ%rs? | %isweaesn rcmieea ﬁéia%%dco%ﬁrlmg(),v%’heFe may be a temperature holding
25 step, e.g. of a duration of about 5 min. Preferably, the heating time may be shorter

than the cooling time, e.g. the heating time may be about 25 minutes and the cooling

time may be about 80 minutes.

In general, the higher the number of oscillations, the more the aspect ratio tends
fowards 1:1 and the larger the pariicles. Practically, the number of oscillations may be
30 about 6 io about 16, e.qg. about 8 to about 10, oscillations.

Finally, the suspension is cooled fo a ternperature below about 23°C in order {0 reduce



. -6- A In one enbodinent, the invention relates to a crystal

modi fication A (Md A) of nycophenol at e sodi um anhydrate. The
single crystal structure of nodification A could be solved. Mdd A
crysfallizes in the nonoclinic space group P21/c. The cell dinension
and 5volume are shown below. In the follow ng dinmensions are in A,

vol une in A3. space group: PUG a: 16.544(4) b: 4.477(1) c: 21.993(3)
10P: 92. 14 (g sdiuldily Of 8(e6drydtals indhe sddeard isysteml AGSioNaf e fbtHdr epleabi aherein

= hoat i ng RSB bie Riigb<iuTE v pSraHe S WBREPLkeGromktr Fndls the
A shows apnetaiobtedilieral pedbried, ibiog tof i¥lcristdiseelgoin & eotadl drijerg mavolRRST

of the dru subst a corrected onset tenperature with indium
mstrumanf i%' B@Eﬁép BSC 7). Thernogravinmetry 20 The

t her nogr avi matry curve of the anhydrous nycophenol ate sodi um Mod A
shows o Singetal$ of thetacioutaradrug substsscer ma:syﬁwé aghehaaishag ratio of greater

bowder a1 TR 11 BRI PRY eRISE e & T KOs oielE ey arehter hapaio:] Bhrore

cal cul at etheXprotess ¢fansl Giveptidn & cartied bg. t!h@@ﬁmwretheznréé@it irdlehtiod relates
exper i RPD (I nstr
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package (bBEYar fovr prefbedly. Mytoghepbltts 8hls ahe atidulat dilg subbtaRB@imay be

shaped one of the polymorphic forms of mycophenolate sodium described below. Preferably
the acicular drug substance is in the form of a crystal modification of mycophenolate
sodium anydrate (modification A), mycophenolate sodium hydrate or the hemisalt of
anhYdrdus fn'ycopheno'late sodium as described at A, B or C below.

The mycopheho!ic-acﬁd or mycophenolate salt is most preferably in an amount of
15  about 95%, preferably about 88%, even more preferably about 100%, in the form of its
anhydrate. Examples of mycophenolate salts include e.g. cationic salts of
mycophenolic acid, e.g. of alkali metals, especially the sodium salt. Preferred salt is

the mono-sodium salt.

The crystals obtained by the process of the invention have an aspect ratio of about
20 10:1 to about 1:1, e.g. about 5:1 to about 2:1, and/or a bulk density of above about
200 kg/m®; e.g: of between about 300 and about 600 kg/m?®, e.g. 500 kg/m".

in accordance with the foregoing the present invention further provides crystals of
mycophenolic acid or a mycophenolate salt in acicular form with an aspect ratio of
about 10:1 to 1:1 and/or a bulk density of above about 200 kg/m®, e.g. prepared by the

25  process of the invention described herein. A preferred solvent system is a mixture of
polar protic solvents; e.g. a mixture of water and an alkanol such as.indicated above.
A typical temperature oscillation is at a mean temperature of 42-47°C with an
amplitude of £ 5.7°C

In -a further aspect, the present invention relates to particular crystal -forms or
30  modifications of mycophenolic acid or mycophenclate sodium, having properties as
described below: .
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-7- Infra-red spectrum The followi ng infra-red absorpti on bands are

typi cal for anhydrous nycophenol ate sodi um nodification A 2927,

2863C-H al i phatic 1718C=0 | actone 1616C=C ol efinic/aromatic 1572C=0
carboxylic acid 1451CH2, CH3 1372CE- 13 1267C-0 phenol 832C-H o.o0.p.
trisubstituted olefin B.In a further enbodi nent, the invention

relates to a crystal nodification of mycophenol ate sodi um hydrate

havi ng properti es as described below Differential scanni ng

cal orinmetr DSC) The DSC curve i s neasured in nor cl.osed and
tightly cl sed pRe inbedinenkabe Hyenmrbreéa’feawnqw’fﬁ oiffertant §. (MageA) of

DSC curve co?MéﬁlﬂE@%H%h?a k4t8) h’ﬁérsﬁfg% SHASStARUSS BF m%ﬂﬁréhhﬁ’( Aidould be
peaks with an types and finally a peak about_ 191

cor r espondhgds Mod hPecw*éiaéfiZﬁ@!rpt*@cregrsw&mrﬁp@@?)aéw . sB%ﬁ 68 figeengion and
(i nstr gmeRkiynResk dhofhMRIowISH thd follgwﬂé%rﬁgﬂélé% et )& V&bme in A®,

t her mogravi metry curve of nycophenol ate sodi um hydrate shows a | oss

on nmass dFPRERTIERL i ng up to &t 150C of about 5% corresponding to

a nonohydratg (instrunent: '5(3A850) X- ray powder diffraction
15 The X- ray powder di ffractl on pgttern of nycophenol at e sodi um
hydrate is dhown in Figure 2. 4#& (R ray powder pattern can clearly

be di stingui shed fromthe di ffzti%%tﬁn pattern of Mod A (instrunent:

Sci nt ag XDS) - 8-

10 B: 92.14(1)
\'H 1627.8(8)
Z: 4

- cal, Density: 1.397. glem®

Differential scanning calorimetry (DSC)

15 The DSC curve is measured in pans with a heating rate of 10K/min for identity. The DSC
curve of modification A shows an endothermic peak at about 191 °C due to the meliing
process of the drug substance (corrected onset temperature with indium, instrument:
Perkin ElImer DSC-7).

Thermogravimetry

r 20 The thermogravimetry curve of the anhydrous mycophenolate sodium Mod A shows no
significant amount of loss on mass during heating (instrument: Mettler TGA850).

X ray péwdef diffraction
The X- ray powder diffraction pattern of Mod A is shown in Figure 1. The calculated X-
ray powder pattern using the single crystal sfructural data is in agreement with the

25 experimental XRPD (instrument: Scintfag XDS, calculations are performed e.g. with
CERIUS 2 software package (MSI}).

Morphelogy

Mod A crystals are acicular, columnar shaped.



" Morphol ogy The crystals of the hydrate are needle |like, acicular
shaped particles with a length of 20 to 600 pm Tenperature
controlled X-ray diffraction of hydrate form5 The crystalline
hydrate is heated on the XRPD sanple hol der under 0%r.h. and the
XRPD pattern recorded at different tenperatures (shown in Figure 3).
A change of the X-ray powder pattern is obtained while heating into
the anhydy _féd/giﬁldt}m Mod A at 184C. Between 30C and 184C under
these conditions, two further crystalline forns which are very
simlar to the h | : r L.hed. This
10resul t correspZﬂ%@'Wangg@Fe#jf%ﬁst%ﬁgégggn @%r“{/eg&&&alfﬁr a ulf er
enbodi nent, the myeenienolta sditresmodificationyst al nodi fication of the
hem salt of nycoghenol at e sodi um_(anhydrous) having properties as
descri bed bel ow. 2927, #8839 si ngl e c%?ﬁ%%’?r ucture of the hemisalt of
nycophenol at e sog}fgn coul d be SOb}éﬁq ctbﬂe 15crystallizes in the
triclinic space group P-1. The cél %l nensi on and vol unme are shown
bel ow. space grmg P-1 a: 11. &£2( 8kfifle/arokdat®20(6) c:  13.441(2) a:
73.09(7) 13:

1672 C=0 carboxylic acid
1451 CH,, CHs
1372 CHs
1267 C-O phenol
532 C-H o.0.p. trisubstituted olefin
B. In a further embodiment, the invention relates to a crystal modification of

mycophenolate sodium hydrate having properties as described below.

s  Differential scanning calorimetry (DSC)

The DSC curve is measured in normal closed and tightly closed pans with a heating rate
of 10K/min for identity. The DSC curve of mycophenolate sodium hydrate shows several
endothermic peaks with both pan types and finally a peak about 181 °C corresponding to

the melting process of mycophenolate sodium Mod A (instrument; Perkin Elmer DSC-7)

10  Thermogravimetry

The thermogravimetry curve of mycophenolate sodium hydrate shows a loss on mass
during heating up to about 150°C of about 5%, corresponding to a monohydrate

(instrument: Mettler TGAB50).

X- ray powder diffraction

15 The X- ray powder diffraction pattern of mycophenoclate sodium hydrate is shown in

Figure 2. The X- ray powder patiern can ciearly be distinguished from the diffraction

pattern of Mod A (instrument: Scintag XDS8).



71.79(6) y: 84.63(6) V: 1641(2) Z: 2 Differential scanning
calorinetry (DSC) The DSC curve is neasured in pans with a heating
rate of 10K/ mn for identity. The DSC curve of nycophenol ate sodi um
adduet (hem salt) shows an endot herm c peak at about 20158C due to
the nelting process of the substance (instrunment: Perkin El nmer
DSC-7). -9- Thernogravinetry The thernogravinetry curve of
rrycophenolm;rs SRUM adduct (hemi salt) shows no significant amount of
| oss of mass Huri g heating up to the nelting of the substance

(instrunment: Mettler TGAZSQ). 5 X-.r awder .diffractiaon . .The X- . .r :
bonder a 11e SEEHR SHuP AR el P Lo P Er PRSPy gt Fhe0 o
is shown Bpohhgure 4. The cal culated X- ray powder pattern using the
single crystal structural data is in agreenment with the experinental

nemisal 1 (atRRERreoRb e rty AIaBUR ARSI o L shaped

mor phol ogy with a I ength between 20 and 200 pm and a w dth between 5
and 505 pmrhe.drystallifeshydrete isrheatednont thet XBPDnsasmplp dieides| undes Ofp r&r. and the
crystal i | ' | Y ' X-
o opert | o ED Gl Pelhod FNAERAH BH oA BT IRy s ShyA Elare ke
nmet hanol sayl pawderopatteye dp lobteinest white dieating: it dhe@nhydrous crystalline Mod A at

184°C. Between 30°C and 184°C under these conditions, two further crystalline forms
which are very similar to the hydrate regarding the XRPD pattern are obtained. This
10 result corresponds very well to the DSC curve.

C. -In a further embodiment, the invention relates to a crystal modification of the
hemisalt of mycophenolate sodium (anhydrous) having properties as described below.

The single crystal structure of the hemisalt of mycophenolate sodium could be solved. It
15  crystallizes in the triclinic space group P-1. The cell dimension and volume are shown

below,

space group: ' P-1
a 11.172(6)
b : 12.020(6)
c: 13.441(2)

g a 73.09(7) .

B: 71.79(6) o =
v 84.63(6) o oom ©
V: 1641(2)
Z 2

Differential scanning calorimetry (DSC)

The DSC curve is measured in pans with a heating rate of 10K/min for identity. The DSC
curve of mycophenolate sodium adduct (hemisalt) shows an endothermic peak at about
20 158 °C due to the melfing process of the substance (instrument: Perkin Elmer DSC-7).



"solved. It crystallizes in the triclinic space group P-1. The cell

di mensi on and vol une are shown bel ow. Crystall ographic space group:
P-1, Z=2, V=0976.3 Cell dinension :a: 7.:76la: 109.960 20b:

9.58813: 95.99 c: 14.094y: 83.05 ?H3 W. -©1430H 1420 -10-

Differential scanning calorimetry (DSC) The DSC curve is neasured in
pans with a heating rate of 10K/ mn for identity. The DSC curve of
ERLO8O nenm,@ngbg&m,m@t@ shows an endot herm c peak at about 66 C due

to the melting process of the nethanol solvate followed by snall

addi ti ona n u

ve. ophond] &t SeEREOEYAlRS Eana B pcBpherRt, Mol SR Memisalt) shows no
mel ting pe@mt’aﬁnfabmunn%tbss laighassrduting Reatiignuiteritre B@@m‘g) of the substance
Ther nogr a T vinmetry curve of the nethanol solvate
shows a SXIB%F H:%%t p@gngmp?l oss on mass during heating of about

7.4 % (instrunent: Mettler TGA850) X- ray powder diffraction The X-
ray posweiX-day powder diffrpatioer n of mycophenol at e sodi um net hanol

solvate is shown in Figure 5. The cal cul ated X- ray powder pattern

usi ng thetgengl ﬁaap?m&aal dﬁﬁrédiréhgfaaiensiaﬁa}n dop hanﬁ&éeﬁfmﬂh é@d’hht (H‘é?nlsa[t) is

experinmental XRPD (instrunent ci nta phol og

crystal s &howmin Righieshdihesaicpated %r @Yrﬁ%’\fqefl Pﬁﬁtﬁiﬂ é’s'é‘ﬁ é@%ﬂ”&@gﬁ%‘ﬁ%‘t%@cwm]

of col U”“@éta%@ﬁpé‘%re&%hi mﬁﬁmevaxbenﬁae%ampgr(ue%eﬁ%ﬁmsé%gmgs?oo pm
E.In a further enbodi nent, the Invention relates to a crystal

nodi fication of nycophenol ate sodi um net hanol solvate |1 having
propert i e¥osBhEO§Yr i bed bel ow.

10 The crystals of ‘the hemisalt {(adduct) have a acicular, columnar and lath shaped
morphology with a length between 20 and 200 ym and a-width between 5 and 5C pm.

D. In a further embodiment, the invention relates to a crystal modification of
mycophenofate sodium methanol solvate having properties as described below.

15  The single crystal stfucture of the methanol solvate of mycophenolate sodium couid be
solved. It crystallizes in the triclinic space group P-1. The cell dimension and volume are
shown below. '

Crystailographic space group: P-1,Z2 =2, V=976.3
Cell dimension : a. 7.761 a: 109.96°
20 b: 9.588 B: 95.99°

c: 14.094  y: 83.05°

OH o

Na* . CH;OH . H,0



=

20The single crystal structure of the nmethanol solvate Il of
mycophernol at e sodi um coul d be solved. It crystallizes in the
triclinic space group P-1. The cell dinension and vol unme are shown
bel ow. Crystall ographic space group: P-1-10-Z = 2 , V= 996.4 Cel

di mension :a: 9.179a: 113.27 25b:10.72413: 101.76 c: 12.098y: 104.44
Na-P. CH3OH . HO F.In a further enbodinent, the invention relates to

a crystal D}ﬁdtéﬂtﬁagtmlﬁécﬁmfﬁ@ahf(MQ ¥ e di sodi um salt, nonohydrate
havi ng propert i es as described bel ow. Differential scanning

cal ori met %cume?s %%ﬁﬁéhvﬁﬁbﬁ%g@ﬁ%%%ﬁn%?a@%??own‘i R& :QS@&% 1e DSC

rate of 1 Ident hol at'e
salt, m)nohy@rt‘th&RLﬂ&Gmeth&alva@rﬁimhmrdoﬁwhm pqaktad) abbet 661G dug to the

Toat  aboul MIGCoIoREs P e Befl SR TRy BV slhel 2BRY clffollfREpsaice

Ther mogr aupnizd ray tiEmefarinetiorn go aviyoeghepolate sediof, nflodpAeand athe dorseshanding

o about | SatRTeETR ST RERk SepBR PR G PR B oBt. 7 P

diffraction 15 The X- ray powder diffraction pattern of nycophenol ate
di sodi ur nThetrmogmavirabirdrate is shown in Figure 6. The X- ray powder
diffraction pattern of the disodiumsalt can clearly be distinguished

fromthe Xne rtﬁé/mwgv@l@rheﬂ?t:a;% rbeF\e Wedhdhol Ebi0stE @HBWQT@ s@earéﬁrﬂ%n%@ﬂ of loss

NMor phol ogy he cr al s of e di sodium salt nonohydrate are

| at h shap8@Mmassgiyring Péawfeabﬁé!l‘f 't' ﬁcﬁe@@r@menh Mﬁt“%ﬂ %ﬁ ces.

10 X-ray powder diffraction

The X- ray powder diffraction pattern of mycophenolate sodium methanol solvate is
shown in. Figure 5. The calculated X=- ray powder pattern using the single crystal-structural
data is in agreement with the experimental XRPD (instrument: Scintag XDS).

Morphology

15 The crystals of the methanol solvate are mostly plate shaped aggregates of columnar
shaped particles with a diameter between 100 and 200 pm.

E. In a further embodiment, the invention relates to a crystal modification of
mycophenolate sodium methanol solvate 1] having properties as described below.

20  The single crystal structure of the methanol solvate if of mycophenolate sodium could be
solved. It crystallizes in the triclinic space group P-1. The cell dimension and volume are

shown below.
Crystallographic space group: P-1,Z=2,V=8964
Cell dimension : a: 9.179 a: 113.27 °
25 b: 10.724 B:101.76 °
c: 12.098 y: 104.44°



-12- G In_a further enbodinment, the invention relates to a crystal
modi fication of mycophenol ate disodium salt, pentahydrate having
properties as described bel ow The single crystal structure of the
nycophenol at e di sodi um salt, pentahydratejrould be 5solved. It
crystallizes in the nonoclinic space group. The cell dinension and
vol une are shown bel ow. Crystallographic space group: P 21/c , Z =14
, V= 2128 Cell dinensiongp: &@. 495f3: 97.150 b: 17.613 10c: 8.401
After storage of the di-dodiui $alt nonohydrate for 4 weeks at 40C/
75 %r.h. in_open anpoul &, i nges to the di-sodiumsalt Il
pentahydratep terhal 150btai ned beside the single
crystals. T hespent ahydrate is done using the
single crydta 7. % nogr avi metry The thernogravinetry
curve of di-sodium t Il pe hahyouate shows a significant anount of
| oss on mass during ating of 'about 19.8 % (instrunment: Mettler
TOA850) 20 X- ray powder diffraction The X- ray powder diffraction
pattern of di-sodiumsalt IlnﬁéﬁTEQVde?e is shown in Figure 7. The
cal cul ated X- ray powder pattern using the single crystal structural
data is in agreenent with the experinental XRPD (instrunment: Scintag
XDS). -13- H.In a further enbodi nent, the invention relates to a
crystal nodification of nmycophenolic acid having properties as

descri bedgbel oy, o slhfrSihgd Eﬁt}’gﬁ@l'n@#iﬁﬁt@{a*%sofo %Vfﬁag?%diﬁ“ca%hdof
(salt free forn1g1 nycophenol at e sodlu cou be solved. It

cryst ab | i rsophenciaie disodiunmsalt, spackydjaiedpvingpromgitiesas fescribed below.

h
s

Differential scanning célorimetry (DSC)

The DSC curve is measured in pans with a heating rate of 10K/min for identity. The DSC
curve of mycophenolate disodium salt, monohydrate shows several endothermic peaks
up to the melting of the substance in tightly closed pans and only one endothermic peak

10 atabout 179°C in normal closed pans (Perkin Eimer DSC-7, vsp pans).

Thermogravimetry

The thermogravimetry curve of mycophenolate disodium salt, monohydraté shows a loss
on 'mass during heating of about 5% up o about 250°C. (instrument: Mettler TGA850).

X~ ray powder diffraction

15 The X- ray powder diffraction pattern of mycophenolate disodium sait, monohydrate is

shown in Figure 6. The X- ray powder diffraction pattern of the disodium salt can clearly

be distinguished from the X- ray powder pattern of Mod A. (instrument: Scintag XDS).

Morphology

The crystals of the disodium salt monohydrate are lath shaped, light breakable particles

20  with riled surfaces.



£

di mensi on and vol une are shown bel ow. Crystall ographi c space group: P
-1, Z=2, V=796.3 Cell dinension : a: 7.342 a: 102.70 b: 9.552
I'S: 90.89 c: 11.643 y: 90.74 Differential scanning Cal oi hnetry

( DSC) The DSC curve is neasured in pang2-with a heating rate of

10K/ mn for identity. The DSC curve of mycophenolic acid shows an
endot herm ¢ peak at about 143 C due to the 15nelting process of the
substance (instrunent: Perkin Elnmer DSC-7). Thernogravinetry The

t herrnogravimetry curve of mycophenolic acid shows no significant
arount - of G oss @ further embodiment, the invention relates to a crystal modification of

mycophenolate disodium salt, pentahydrate having properties as described below.

The single crystal structure of the mycophenolate disodium salt, pentahydrate could be
5 solved. It crystallizes in the monoclinic space group. The cell dimension and volume are

shown below.
Crystallographic space group: P 24/c,Z =4, V= 2128
Cell dimension : a: 14.495 B:97.15°
b: 17.613
10 ¢ 8.401

CH,
2Na*, 5H,0 |
0,

After.storage of the di-sodium salt monohydrate for 4 weeks at 40°C/ 75 % r.h. in open
ampoules, it changes to the di-sodium salt Hl pentahydrate. This is the only material
15 obtained beside the single crystals. The identification of the pentahydrate is done using

the single crystal structurai data.

Thermogravimetry

The thermogravimeiry curve of di-sodium salt Il pentahydrate shows a significant amount
of foss on mass during heating of about 13.8 %. (instrument: Mettler TGA850)

20 Xsray powder diffraction

The X- ray powder diffraction pattern of di-sodium salt |l pentahydraie is shown in Figure
7. The calculated X- ray powder pattern using the single crystal structural data is in
agreement with the experimental XRPD (instrument: Scintag XDS).



" mass during heating up to the nmelting of the substance (instrunent:
Mettler TGA850). X- ray powder diffraction 20 The X- ray powder
diffraction pattern of nycophenolic acid is shown in Figure 8. The
cal cul ated X- ray powder pattern using tbg.single crystal structural
data is in agreenent with the experinental XRPD (instrunment: Scintag
XDS) . Mor phol ogy The crystal s of mycophenolic acid are irregular
shaped with adhesive particlées with a 25 length of <50 to >400 pm
l.In a further enbodi nent, the invention relates to a crystal

modi fi cat itbn ofln r dopies rermibedimenidi then inyanitian eeletasniB a( ydiahrrodifisation of
to 85C) hayj £ : - 14- i w. FormB is

pr oduced E‘i&cﬁg% |Oﬁgg?ﬁeﬁ%f/@%?gé@ﬁs%ﬁ?g%%%gyﬁggpﬁpl e hol der to about

85C and t heg &H@%E&gﬁ%h%pﬁ&t}% Sagg@aél}gﬁ?nélﬂ {:89%%[?%@ ety B rﬁﬂ%gﬁ‘gnolate

ray pattern at after cooling to room t-enperat
(shownsi nsegigm) ecadljd der selggbnll erystsliizes irotthe ririglinies spagee groupSEht aghe cell

- Differenti 0 i | C) The DSC curve is neasured in
pans w ¢ oS Hif Vit 3k EMrbosF,

gra mn for identity. The DSC curve shows

th d ] : . N3l ; ] k ds t
Lhe ol {1 o Rt nep e ees B e ZEANRE PESC 7 10

Ther nogr aw e t herogrgyi met . we of Form B shows a | oss on
mass duri#geﬂﬁgé%(qsygh'of agga?'s%éﬁ) (ic{ﬁét{)rﬁ'ﬁﬁent: Mettl er TOA850) X- ray

powder di f-fracltgi Of 550 NegXggay powder diffraction pattern of Form
B is shown in Figure 10 (I nstrunent: 15Scintag XDS). J.In a further
enbodiérent , the. ijpyanti o, reghakes to a crystal nodification of

Differential scanning calorimetry (DSC)

The DSC curve is measured in pans with a heating rate of 10K/min for identity. The DSC
curve of mycophenolic acid shows an endothermic peak at about 143 °C due to the
15  melting p'rocess of the substance (instrument: Perkin Elmer DSC-7).

Thermogravimetry

The thermogravimetry curve of mycophenolic acid shows no significant amount of loss on
mass during heating up to the melting of the substance (instrument: Mettler TGA850).

X« ray powder diffraction

20 The X- ray powder diffraction pattern of mycophenolic acid is shown in Figure 8. The
calculated X- ray powder patiern using the single crystal structural data is in agreement
with the experimental XRPD (instrument: Scintag XDS).

Morpho!ogy

The crystals of mycophenolic acid are irregular shaped with adhesive particles with a
25 length of <560 to > 400 pm.

L In a further embodiment, the invention relates to a crystal modification of
mycophenolate sodium hydrate Form B (hydrate heated to 85°C) having properties as
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" mycophenol ate sodi um hydrate Form C (hydrate heated to about 155C)

havi ng properties as described bel ow. 20 The Form C is produced by
heating the hydrate on the X- ray sanple holder to about 155C and

t hen .cool ing the substance down to room teqrperature. The X- ray

pattern at 155C and after subsequent cooling to tenperature (shown in
Figure 11) correspond to each other (instrunment: Scintag )

D fferentigl-savdigg caiorinmetry (DSC) 25 The DSC curve is neasured

in pans with a heating rate of 10K/mn for identity. The DSC curve of
Form C sh t ' ' [ fy ot | °
Vod A and EHe e e TRt IR K o Semple AT teBopit 85°C
El ner DSCany.then peolinthibermisiaprediowy iFHeomMHENpeRlEi Hee ry rey paidesy at 85°C

Form C showgy 4:d QoL D {d B HrhP&ralie 38N Br Pighte 9) correspond to
(i nstrurren?{:% I\/btrt _e;s 0A850§’_ﬁ*§i ray pov{hgg g‘i’?fracti on g The) X- ra@
powder 5di feeeaothes fingisrnenthSentaBbrm C is shown in Figure 12

(instrunment Scintag XDS). In further enbodi nents, the invention

rel ates t‘biﬁ?@n‘iﬁ??b’ﬁﬂrﬁ' cgf&mﬁg y conpri sing one or rmore of the
nodi e. g. 0

above crysta I catlons, ne or in a mxture conprising

two 10 or r f the above crystal dificatians, f.erably .t.h

b epar at | JH8 LESSHIvEds GEsOrct dons YUR & Naas FAgar BRI folgPEnidy The DSC
t Ean 90% cE]ers[wmhf gFabkidghentie Ipeémﬂﬂ';b':?ﬁﬁai mﬂbtgpg&rquabl gon@\ligamﬁ to the
t han 99% pol ynor phi ¢ puri,t . S . as rim ned by X-ray powder
diffracti mﬁialrﬁs‘ép‘ﬁﬁgp‘t &%@Eﬁ'ﬁﬁrﬁﬁrﬁmﬁhggﬁfﬁon also relates to the
essentially pure formof each of the above crystal forns. 15The

vari ows cryetmbgrd@nbirgati ons may be prepared by crystallization or
recrystallization of any fornms or m xtures of mycophenolic acid or
mycopheno |f i U | £8P a8 Mifhg MBating of about
appropri ab@ggg?@gdr#&"k}gg?ﬁﬁﬁjgt ?ﬂoﬁ&ﬁ%an?{dg% ?&?mfe.ag. by g nieating ot abot

cryst al | i 2541 GrstromanjddeitlentBA8%0)sodi um from i sopropanol . The hydrate
form may be produced by dissol ving nycophenol ate sodi umin nethanol,

addi ng aqye ' ay,dr oxi de and precipitating this solution in
isopropan%?%@g‘?ﬁ%ga}tﬁgc;yrgrate formto 85 or 155C |l eads to the
formation_of forns B and C respectively.. The,henm. -salt & b . .
obt i ned BJE Xy EVaPPYISt RGP AALGihah oM eSS W1 oRE R 4p  (nstrument
pr ef et @bl BemtagokDg)to 6. If the pHis lowered to below 2, the free

acid formnmay be obtained. Methanol solvate fornms may be obtai ned by

crystallization of nycophenolate sodiumfroma m xture of 25 net hanol
and wat er J, D sai ta fuigthas embyodiraestbiiiee egntiyn celpsdsatd azaystah nfadifivaion of

"o easea BNREHERLR FHLEY YR OnG RN P GO Tonan BRng
Crystal s propehltesferdosofibaaiselof. t he nodifications described above at A

to J, as well as crystals obtained by the nodifying or
recryss al TheiFegmpC ds peseed byt Heating ase hiydiate entthe X-38psempldf koldedtd about

henceforth "crystals.of the inventjon". The crystals e

vent L on ey B8 FBrRRIRG die SR oy BPOR PR B0 o A Pag

e. g. |In thssdoand eftet @lilseti@ent cooling to temperature (shown in Figure 11) correspond to
each other (instrument: Scintag )

Differential scanning calorimetry (DSC)

25  The DSC curve is measured in pans with a heating rate of 10K/min for identity. The DSC
curve of Form C shows two endathermic peaks: melting of Form C transition to Mod A
and then meiting (2™ endotherm} of Mod A. (instrument: Perkin Elmer DSC-7).
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" Tabl ets may be obtained e.g. by granulation of the crystals of the
i nvention followed by conpression. Tablets conprising crystals of the
i nvention have an inproved hardness, e.g. a hardness of about 130N to
about. 160N. The abrasion is |less than aboyg 0.5% e.g. less than
about 0.3% Tablets may be coated tablets, e.g. enteric coated
tablets. 5 Suitable coating material conprises, e.g. hydroxypropyl
rret hyI cel .yl os hthal ates, e.g. HPMCP HP50, and optionally pignments,
i ron%&?f@ FINEEYSt i ne, e. g. indigotine | ake, and/or titanium
d| OXI de. Tabl ettl ng procedures which may be used may be conventi onal
or known iThethermaaravinetyseve of Fete K Piovsadasean 81855 dufies Bealingce| ahayt 0.2
in L. Lach/gagnﬁ n"i’ént ﬂf@ﬁeﬁ‘éﬂﬁﬁoﬁnd lo Practice of Industrial .
Phar nacy, 986, H. Sucker et al, Pharmazeutische Technol ogi e,
Thi eme, 1991, Hagers Handbuch der phar mazeut i schen Praxis, 4th Ed.
(Spri nger Xv&ay Rgwdendifrasdiomeni ngt on' s Phar maceuti cal Sci ences, 13th
Ed., (Mack PUbl., CO., 1970) orlater editions. Accordingly, in
anot hes agpecx- raﬁ)hﬁowdasaifﬂ‘adtibnmaﬂeﬂ‘n opFewndeds ashpivar inegiguta dal (instrument:

15C0”p03i§icg1ﬂé g g in the formof tablets, conprising crystals of
the inven R )a pharmaceutically acceptable carrier. In another

aspect, the present invention provides drug substance crystals of the
invention for use as a pharnaceutical or in the preparation of a
har maceuti cal .co ot us t hod d i bed i.n
Por aaiq- i iitnet BEPEREreS. 568 inyeifit FEY 1q RABEeERE! prpartRon Sonmpring
provi des bhe otlSr&Jr@fof ﬂ*reyaicarbsmmm rﬂdfcerqmmamsm@tﬁldrmbr-m @cmm.setobmmsmb two
the inventi-on fo¥ Oz?r;'t?{?pre t|o of. a dfcaHth e treatne ;
of an}? coRBMORAT KNARFVEIREY %‘??&OH% r'gaavi ePFF‘é’aéff‘ O“Sﬁfi’@p”se ‘one 0
COWDOf] it lcmsScrgétali hedified s nargrem@pltmﬁ 9QP6 Mproed bediedably gt@latér @hard gsgo, most
cophenol ate salt e use as | nosuppressant s n a
ot andar o PELTEDY GESEE AN Y9/s W ATRN I e £l P oP ATITIRath 65 Yorey owder
conposi ti @ifffadibn! D8CI amdeR dpeatromy TR ihvshtioabed rehatat ridaedsaltiamy pate form
trials or _aninal test asrﬁgﬂjrlbed e.g. in WO 97/38689, the content

of which PSR IRRHAANES PE%%y reference. The phar naceuti cal

oy b nof BF ¥SsHs e Bl DU GHlonS P 0 Sames cY stz oh ystelizatiop of
for the 3@hpkdraw by risebst bDancoﬁI)en'ElIieaclmﬂt mdplpéremﬂémdmmmfm Natsioliion
or transgenic

t ft
Ot ansol aaEomidnd Fhter et roped et San Rk, Pofbationd sl bE TR . by
heart, | uagstalﬂrﬂaﬁ)jmle? rd‘yeaplﬁedow”b@ ,soUlum%frorrkisdm)aancﬂan'cmeeaﬂydmte lﬁm(lj‘rlﬂ may be
ncr eat ce neur a of cofnea i ncl udi

et rant Piptiiest B e misebfenq b SRiBRn shEBRRA Ao SFssLh: St
of hygper aﬁyﬁragﬁfﬁﬁ@brmqlta&n@thimlﬁtﬂﬁﬂt ﬁlmio&fbaﬁoi Vitdting et Bydrbte form to 85 or
rejection: re nt._and. prevent i ronig re

asjsoci ate %ﬁ‘t lrags 3‘? NG dar %O §’ Oé;ﬁ‘@d c‘g Cﬁ' ) ag}e F’ﬁ@"sa]? may be

i nventi 0nolﬁéﬁﬁed|b?mrysiﬁlllmlbﬁ(bffancobﬁ‘@)cﬂdt@&bmmtfrcﬂﬁdvahér?)b%érlabry &tfpH 4 fo 6.

,? : Zﬁlgbrgmﬁé Bﬁsl:ts lg\{rgrgg %g’be%ldvcg, t%% ﬂf'eoeI ac;(y\q‘orﬁu nbl(a))rf] %enc%rtegi%\é. - Methanol solvate

forms may be obtained by crystallization of mycophenolate sodium from a mixture of

25 methanol and water. Disalt forms may be obtained by crystallization from an aqueocus
solution of mycophenolate sodium, preferably containing an increased concentration of
scdium ions and at a pH greater than 8.

Crystals in the form of one of the modifications described above at A to J, as well as
crystals obtained by the modifying or recrystallising processes of the present invention
30 are referred to henceforth as “crystals of the invention”. The crystals of the invention
may be formulated for administration in any convenient Way; e.g. in the form of tablets.
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" b) Treatnment and prevention of autoi mune di sease, e.g.

i mune- nedi at ed di sease "0 and i nflamatory conditions, in particular
inflammatory conditions with an etiol ogy including an i nmunol ogi cal
conponent such as arthritis (for exanple fgeumatoid arthritis,
arthritis chronica progrediente and arthritis deformans) and
rheumati c di seases. Specific immune-nedi ated di sease for which the

Do : . | di _ .
hemat ol og L i, PEReY 8. Berat iR ot Rl e P oA TR v
anaeni a, apirgzessiorariablatacorppnising eystals|di thanineeiimndage iadiiopetvhi dardness,
t hr onbocyt ' i G t iti 0
I ombocyt2RSR BlneSY B B SR BEI TSR B DB} QTG bt o5,
chroni c acd.gvieshaatabious 0.3%.i Tablets bidydieycagted tabiEts, o.gnadefeciaded tablets.
dbr e, 5 b dRRR: DBl oo AP et & e P g TneTlupRy Foltetes
colitis ansg.GiPHCPSHEES eamledptionalyasgmestspplt e oxipdahtigotirE, @we sndigatine
di sease salrcoi d /si ﬁ mul t g] e sclerosis, juvenile diabetes (diabetes
mel |itus t@lff'ear'?,or GRUMAREHPLus uveitis (anterior and posterior),

kerat oconjunctivitis sicca and vernal keratoconjunctivitis,
i nterstitiTbldtingprotédwres svhighsaay bé usedintdyrbe eanventialion knosyn in the art or

| | hritid i t.h d_wit hout F Ot 5
Dol udi ng FEaPLBnALeR prasPeR Corhi B BRI by CocPPRLRGE The Fndory and
nephr qpat Bractedof] Indesiriab Fiermadyo iByd Hd, i 4886, ForSudher @@l ePhsresazebtische

ueed, | the oAy oo brmec T PaTAerY HERREIR B Bl tofn HgRh A6 o

treated angphinyeraidiagt 1924 dredRedMatmy Bhagtaceulidet Seloases t13tnEaint (Neek
further proyjdes thod for. .treating and/or-preventing native or

t r ansgeni gouﬂgiﬂ': ??f@ﬁgi&%sgec@gqqsm ar acute or chronic allograft or
xenograft transplant rejection or graft-versus-host diseases, or
treati ng anddmingy, eveatothgr anpeaif thempresent iiventien pogdemsa ghachasatical

compr 141 ngORRHPHT G121 G hebRreoapies CORRRaRh RistFh A RiveBioh, e o

conposi t i phamwaeuiicEiipgceceptablalcarrar. t he i nvention of mycophenolic acid
or a nycophenol ate salt. Brief description of the Figures 5Figure 1

mycophenol heBoRSaRAERL it {Rrafs AR sibled R XHbRTce cpstols of e
;j( IR]I; B racti a‘mepﬁart.émmu? asya;)?’mgmbalt'teals odiim rthémme}mrgtiorfbgw eh@nsenscal
yrate | SRERTAE 5ot oasts e by RBRRL L B MGy oBfy, FRUE bisic
hum depy. Fudkérqure, 4hehgnssenheirXenticay prowdes thef fusect oforcrysdals eramdofthe
powdor a PR TR RS LP R Rbat BB Tishuph 8 B8 el AP S eish BeLor

the treatment of any condition known therefore and described in the art.

The compositions of the invention comprising mycophenolic acid or a mycophenolate
salt are useful as immunosuppressants as indicated by standard tests. The activity

25 and characteristics of the compositions of the invention may be indicated in standard
clinical trials or animat test as described e.g. in WO 97/386889, the content of which is
incorporated herein by reference.

The pharmaceutical compositions of the invention comprising mycophenolic acid or

mycophenoclate salt are .useful as immunosuppressants and in particular for the
30 following conditions:

a) Treatment and prevention of native or transgenic organ, tissue or celiular allograft
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Figure 6 shows the X- ray powder diffraction pattern of mnycophenol ate
di sodium salt, 15 nonohydrate. Figure 7 shows the X- ray powder
diffraction pattern of di-sodiumsalt Il pentahydrate. Figure 8 shows
the X- ray powder diffraction pattern of -ijjxcophenolic acid. 20 Figure
9 shows the X- ray pattern at various tenperatures of mnycophenol ate
sodi um hydrate Form B. Figure 10 shows the X- ray powder diffraction

pattern of Fefmi r@f@ﬁbﬂéﬁl%ﬂr&]e@m&/"% d. her e tfe?é(mgﬁitéf&é&g%htsV@’f é.8UBeart,
terrperatures for rnycophenol at'e sodl um hydrate Form C ure
CBB%U@F’

shows the X- lungy bear-luaat e, sidner Rararedtiss $KiE, Wﬁ@eﬁB‘F |1$Jm Rel:
Exanpl es ser yg,ip cbif ldtsédrmd 4 délnﬁﬁgawemkmemg @é%ﬁ?ﬁ%ﬁplaﬁd 1prevéﬂt‘6ﬁ PB8ute

rods of mycophenol ate nono-so , _anyhdrate (np A are
obt ai ned by tgigalioal treatesndrardr pieverlinsr @E)BYﬂﬂfaClﬂﬁ? IT?JPQl!qrbr? &neF @eyesigted

at 50Gin aW%ﬁ %leﬁ?g%ﬁ?%}ect{cﬂeaﬁﬁ Yrééﬁkérﬁéﬁﬁ%r@veﬁﬁ&poﬂ ?ﬁ&ﬁl@ ré}éct%@n 5%0 as

gm a nean m an density of about
kg/ n8. The camsatedmﬁhtgr@ﬂwemdasea%t‘&l%cmpcmﬂamﬁ|cédh%1§wssméfq pled

Ex | | s00ls
mono- odi um DElCRe for th el 6P rrobehiln of o dHEAIERRCE Sheh 25
in 120 g of faﬂDngdimmowhamphmam ratio of 95/5 in a stirred
vessel . f’ea SRS &Q\é%ﬁzoﬁl%? bldofh&! gnéplsgag@ %ﬁrﬁﬁ%ﬁé%éﬁl&&?%&é‘é&
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invention may be employed “mclude autolmmune hemalological disorders,

15 including, but not limited to hemolytic anaemia, aplastic anaemia, pure red cell

anaemia and idiopathic thrombocytopenia), systemic lupus erythematosus,

polychondrifis, sclerodoma, Wegener granulosis, dermatomyositis, polymyositis,

chronic active hepatitis, primary bilary cirrhosis, myasthenia gravis, psoriasis,

Steven-Johnson syndrome, pemphigus, idiophatic sprue, inflammatory bowel

20 disease (including e.g. ulcerative colitis and Crohn's disease), endocrine

ophthalmophathy, Graves disease sarcoidosis, . multiple sclerosis, juvenile

diabetes (diabetes mellitus type I}, non-infectious uveitis (anterior and posterior),

keratoconjunctivitis sicca and vernal keratoconjunciivitis, interstitial lung fibrosis,

psoriatic arthritis, vasculitis, glomerulonephritides (with and without nephrotic

25 syndrome, e.g. including idiophatic nephrotic syndrome or minimal change
nephropathy) and juvenile dermatomyositis.

For the above uses the'redu'ired dosage will of course vaty depending on the drug
substance used, the mode of administration, the particular condition to be treated and

the effect desired.

30 Accordingly, the present invention further provides a method for treating and/or
preventing native or fransgenic organ, tissue or cellular acute or chronic allograft or
xenograft transplant rejection or graft-versus-host diseases, or treating and/or
preventing an autoimmune disease, e.g. as disclosed above, in a subject, such as a
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" number of oscillations 5 6 10 16 bulk density [kg/nB] 280 310 380 490

Simlarly, the mycophenol ate nono- sodi um salt nay be suspended in

met hanol /water in another mxing ratio rangi ng between about 98:2 and
90: 10. 15Exanple 6: 20 g of mycophenol atgs-nmono-sodi um sal t
crystallized as described in Exanple 1 are suspended in 60 g of

met hanol /water in a mxing ratio of 95/5 in a stirred vessel. The

suspensi 0Huhﬁn%théﬂéﬁ%aﬁ%uﬁe@?%@mﬁaﬁﬁﬁ@ra@h‘iiﬁ*izﬂeﬁrf\g M@lé"‘sﬁlﬂeérbn effective
anplitude of +/- 6C The period one oscillation is_ 160 t he

number of 38¥ENt i@ COmBOSiEoR comﬁ@sl@ﬂ soEtals ooheipenten Pémygomﬁﬁ»ph% Bridpr

in a way GhaleobheRhitb¥alt® @ sinus-curve over tinme. 180 g of ethanol
are added during 180 mi n whereby the oscillation is continued. Then

t he suspension is cooled to OCwithin 3h. After 2h, the crystals are
filtred aRHet¥essarion of thefigwesiryer. The final bulk density is 350

kg/ 8. 5 Ex - L e »
M copis nolﬁzim{;%“@; ég??mmgg@eﬂgg%?@’d@? drggécil&g batfFR $REniylirduhycophenolate sodium
modification

Figure 2 shows the X- ray powder diffraction pattern of mycophenociate sodium hydrate.

Figure 3 shows XRPD pattern recorded at different temperatures when the crystalline
hydrate is heated on the XRPD sampple holder under 0% relative humidity.

10  Figure 4 shows the X- ray powder diffraction pattern of mycophenolate sodium adduct
(hemisalt}. - .
Figure 5 shows the X- ray powder diffraction pattern of mycophenolate sodium methano}

solvate,
Figure 6 shows the X- ray powder diffraction pattern of mycophenolate disodium salf,

15 mohohydrate.
Figure 7 shows the X~ ray powder diffraction pattern of di-sodium salt Il pentahydrate.

Figure 8 shows the X- ray powder diffraction pattern of mycophenolic acid.

20  Figure 9 shows the X- ray pattern at various temperatures of mycophenclate sodium

hydrate Form B.

Figure 10 shows the X~ ray powder diffraction pattern of Form B.

25 Figure-ﬂ shows The X- ray pattern at various temperatures for mycophenolate sodium

hydrate Form C.

Figure 12 shows the X- ray powder diffraction pattern of Form C.

The following Examples serve to illustrate the invention.

30 Example 1:
Fine long rods of mycophenolate mono-sadium salt, anyhdrate (med. A) are obtained

by crystallization from isopropanol, filtration and drying at 50°C in a paddle dryer. The

crystals have a mean length of 20-50 pm, a mean width of about 1 um and a bulk

density” of -about 180-200 kg/m®. The crystal habit of these crystals is modified as
35 described in Examples 2 to 6.
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Conmponent anmount in [ng) anmount in [ng) Anhydrous |actose 45.0 90.0
Crospovi done 32.5 65.0 Povi done K30 PH 20.0 40.0 Mize Starch 10.3
20.5 Col loidal silicon dioxide 6.6 13.2 Magnesium stearate 3.3 6.5

10

15

20

-16-

Ekampies 210 5:

40 g of mycophenolate mono-sodium salt crystallized as described in Example 1 are
suspended in 120 g of methanol/water in a mixing ratic of 85/5 in a stirred vessel. The
suspension is oscillated at a mean temperature of 44°C with an amplitude of +/- 6°C.
The period of one oscillation is 110 min, the number of oscillations is given in Table 1.
The process temperature is controlled in a way that it performs a zigzag-curve over

time.

240 g of ethanol are added and the suspension is cooled to 0°C within 3h. After
filtration and drying in a rotary dryer, large compact crystals are obtained. The final
bulk density is given in Table 1.

Table 1:
Ex. 2 Ex. 3 Ex. 4 Ex. 5
number of oscillations 5 6 10 16
bulk density [kg/m?] 280 310 380 490

Similarly, the mycophenolate mono-sodium salt may be suspended in methanol/water
in another mixing ratio ranging between about 98:2 and 80:10. '

Example 6:
20 g of mycophenoiate mono-sodium sait crystaliized as described in Example 1 are

suspended in 60 g of methanol/water in a mixing ratioc of 95/5 in a stirred vessel. The
suspension is oscillated at a mean temperature of 44°C with an amplitude of +/- 6°C.
The period of one oscillation is 160 min, the number of oscillations is 8. The process
temperature is controlled in a way that it performs a sinus-curve over time.

180 g of ethanol are added during 180 min whereby the oscillation is continued. Then
the suspension is cooled fo 0°C within 3h, After 2h, the crystals are filtred and dried in
a rotary dryer. The final bulk density is 350 kg/m®.

Example 7:

Component amount in [mg] amount in [mg]
Mycophenolate sodium 192.4 384.8
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Enteric coati ng: Hypronel | ose phthal ate HP50 42.0 65.0 Titanium
dioxide 2.9 4.7 Iron oxide yellow 0.08 0.17 Iron oxide red 0.17

I ndi go carm ne 0 039 Mycophenol at e sodi um Povi done0 K30, silica,
col | oi dal anhydrous are m xed, wet- granul%@-ed usi ng et hanol 94%
(ww, mxed with | act ose anhydrous mai ze starch, Crospovi doneO, and
magnesi um st earate; and conpressed to tablets. 5The tablets are

coated 1 Boppebghet o o, cooLer. Moilhup Ok Bl Hihaf oot O

i ngr edi ent-s—HA—ethanret—w SGpHoparor)
Anhydrous lactose 45.0 90.0
Crospovidone 32.5 65.0
Povidone K30 PH 20.0 40.0
Maize Starch 10.3 20.5
Colloidat silicon dioxide 6.6 13.2
Magnesium stearate 3.3 6.5

Enteric coating:

Hypromellose phthalate HP50 42.0 65.0
Titanium dioxide 2.9 4.7
Iron oxide yellow . 0.08 0.17
Iron oxide red s ©017
Indigo carmine - 0.039 -

Mycophenolate sodium, Povidone® K30, silica, colloidal anhydrous are mixed, wet-
granulated using ethanol 94% (w/w), mixed with lactose anhydrous, maize starch,
Crospovidone®, and magnesium stearate; and compressed to tablets.

5 The tablets are coated in a perforated pan coater with & solution of the coating

ingredients in ethanol {with 5% isopropanol) / acetone.
The tablets have a hardness of 130 to 156 KN. Abrasion is less than 0.3%.



The tablets have a hardness of 130 to 156 KN. Abrasion is |ess than
0.3% -21- CLAIMS 1. Crystals of a nycophenol ate sodi um salt
obt ai ned by a process for nodifying the crystal habit of an acicul ar
drug crystal wherein the acicular drug substance is a nycophenol ate
sodi um sal t, conprising suspending said crystalline drug substance in
a met hanol /water sol vent system having an effect on the crystal habit
and subj ect.i ng said suspension to alenperature oscillation, wherein
the crystal habit is nodified in that the nmean aspect ratio of the
processedlédMStals is smaller than 10:1. 2. Cystals according to
claiml| having a nmean aspect ratio smaller than 10:1 and a bul k
density of above 200 kg/nB. 3. Crystals according to claim1l or

havi ng a lnean Caspsef a myrorhenaias sodivm 53l Abtaiget byprigrogessigr rodingi tbgﬁrmal
300 to 6QOhikaHBeicuidt- dngga@mk@e@ﬁqwﬂcaﬁr drg adYtaride wﬂy&gh&blaﬂe%dmm
wherei n the nycophenol at e sodlun1sa t a nono-sodi um salt.

Cryst al s S8k COPRISHE SPEeafilE FreE ARG d&%aﬁ“?ﬁ‘—%ﬁ% et WG‘PH@I’WEW%W%E?‘%

ﬁ ogl ums adutmg £ df!él&thw&bﬁél Qalsi O 4B @by ShiBdupenfMCRRNERMT RIS oSdmlisHN
ydrate or sa t

anh henol at e sodi 6. i
phar e dUFER e GrrsBar bR B i QP yaraes ATl UF Aeis gyl i
precedlngmmkﬁﬂﬁhlmlaSSOC|at|on wi th a pharmaceutically acceptable
carrier. 7. A pharmaceutical conposition according to claim6 which

s int h‘i for @ry%!alsaac}:o?g%lnge Eo‘ claim 1 having a mean aspect ratio smaller than 10:1 and a bulk
density of above 200 kg/m’.

3. Crystals according to claim 1 or 2 having a mean aspect ratio smaller than 10:1 and a
bulk density of 300 to 600 kg/m’.

4. Crystals according to any preceding claim wherein the mycophenolate sodium salt is a

mono-sodium salt.

5 Crystals according to any preceding claim wherein the mycophenclate sodium salt is
mycophenolate sodium anhydrate, mycophenolate sodium hydrate or hemisalt of anhydrous

mycophenolate sodium.

6. A pharmaceutical composition comprising crystals according to any preceding claim in

association with a pharmaceuticaily acceptable carrier.

7. A pharmaceutical composition according to claim 6 which is in the form of a tablet.



