. 4-32852A Process for nodifying drug crystal formati:on The present
*invention relates to a process for nodifying the crystal habit of
acicular drug substances, to the resulting crystallized drug substances
and to pharmaceutical conpositions conprising the sanme. s Industrial
crystalligzapgsppinter alia ainms at producing crystals of a defined
quality such as shape, particle size and/or bulk density. Usually,
crystals grow in three directions, length, width and hei ght. Sone
crystals however, have one or two preferred growmh directions. For
exanpl e, QC|cuIar s,bstances e. %. crystals in the formof needles, rods
or capill=3 ,f e ) el PAlgNAstal growth in one direction. The
ratio between the Iength and t he mndth of a crystal, the so-called

aspect I atHeOprekentSih@ttiohCritdsy tohh Phedest hammbdllylrigathea&wtﬁl ASbIEbY akiebir t he
hi gher the aspect ratio, the |longer the crystal needlés, rods or
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for mul atlons tend to have a poor flowability and/or a |ow bul k 15

density, e. a bul k density of bel ow about 200 kg/n8. Thus th
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result i rbseshg pe PAINIGIBShE Q%bgﬁ(gﬁhg,& y of the fornulation, an
undesirably large dosage orm and/ or ‘may require special conpression
methods. ~. It is thus desirable to nodify the crystal habit, i.e. the

reI ati ve Ysaigly @ystelgegigmoin fhreg dinetions |Q!'}9,“§t‘éﬂldth andii teighte SPMei Fétalons,
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di rection ‘may Ee achi eve I ves that™ act 5 conpetitive
agents aithe adoehed eapectt o a:ss'genf c@ﬁkymhlg@erf thea Hhdor IﬁGI@Ulﬁr eixatalsr hst al

el | ost AlSeL e BEL 208, tne orgeF 1l E EEHRE, OO of RAPRR Ve oy owch of

water crystals in order to avoid an "icy" taste. Another exanple is the
addi t i on Agfculad drystale ofteo dispiaye posrupriocessabilityt ineffidient prosessivgt ¢.godeaftfe n

crystal s f50m 48 Bhichidal RAALBEGH, fhd BHav¥BHoBr ARSI Enlideh 1blvBER 1N
15  density, e.g. a bulk density of below about 200 kg/m®. Thus the formulation of e.g.
tablets comprising said crystalline material may result in e.g. low mechanical stability of

the formulation, an undesirably large dosage form and/or may require special
compression methods.

. C " Itis thus desirable to modify the crystal habit, i.e. the relative rates of the growth of the
20 crystal in different directions, of acicular ci'ystals. This may be achieved by retarding

the crystal growth of the preferred growth direction, and/or enhancing the growth of the

less preferred growth directions. Preferably, sqch a process does not have an effect on

polymorphism.

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 crystals in order to avoid an

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

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



30 case of a drug substance, the addition of an additive is however
probl ematic. 4-32852A -2- Solvents have been used to influence the
crystal " habit of the solute, however, with an unsatisfactory effect.

I ncrease of particle size of acicular crystals has been achi eved by

t enper at W-828%3¢ci | | ati on. Wien using tenderature oscillation, crystals
may ‘however grow bigger 5 w thout changing or w thout changing
substantially the crystal habit. Tenperature oscillation has been

combi ned S$ulvénts bave béeroosédioinflidncetthe comsiss habit bahetsoludé, isowesiea] wittnen
needl es. The,. sfogr[tl caeé‘tep limts the growth of the Iength of t he needl es by
br eaki ng lﬂ?@“‘? RETESte, this process is not convenient for industrial
crystallization as it nay cause e.g. severe noi se and abrasion of

equi prrentlncrieﬁsé' fofspartitier sizé ofaadiadar tostaks mlaysbédri laghibieh bgr teeperafups

aci cul ar dr ances | ad i n roved st al r owt

o eal el WhaR iEhg, Kifedidirs QetlTBieny Somiid e HNever aroma baasbu
foundsa prigesehdngingBravifhounehdndmgupstantialfyake bryefal Rabicul ar crystals of
a drug substance y| elding a crystalline dr ug substance with inproved bul k
densi t nd/ or ed rre rat ) i tional
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substance ohtaiped in accordance with the process of e invention
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:about 60Gt migtatke @@Cgé?éréﬁtﬁs@?ﬁd‘a@é%ﬁbfé@ﬁl%ﬁehﬁ smal | er than about
10:1, e. g bet ween about 1: 20 and about 1 , e€.g. about 5:1, e.g.

about 2:1. Accordlngly, t he present invention provides a process for
nmodi £§i ngT hupethgre s Eateadolor g chystalizatien Peacess [r) asipylar dridsuRsianses deattg

suspendi i imstbtedEryStaPgrowR) parii@lang BbpfkbleaBlindididl thanliRirect on the
crystal habit and Subjecting said Suspension to a tenperature

oscill ation, In anot her enbodi nent, the present invention prOV|des a

process FEPIgats BRYQRGW UG & ﬁ’reﬁe%‘ffoﬁ'@Pg'ﬁﬂ% thgrghystal ebit 9f eeisulgb AYEIASS ng
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crystal habit and subjeCting said suspension to a tenperature
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The drug substance obtained in accordance with the process of the invention
preferably has a bulk density above about 200 kg/m®, e.g. about 300 to about 600
, kg/m®, and/or the mean aspect ratio Is smaller than about 10:1, e.g. between about 1:1
| C 20 and about 10:1, e.g. about 5:1, e.g. about 2;1.

Accordingly, the present invention provides a process for modifjring the crystal habit of
acicular drug substances comprising suspending said crystals in a solvent system
having an effect on the crystal habit and subjecting said suspension o a temperature
oscillation.. in another embadiment, 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
producing crystals of an acicular drug substance having a bulk density of above about
200 kg/m®, preferably about 300 to about 600 kg/m®, andfor 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.



200 kg/ nB, preferably about 300 to about 600 kg/nB, and/or a nean aspect
rati o of 30 bel ow about 10:1, nore preferably bel ow about 5:1, even nore
preferahly bel ow about 2:1. The particle size of the crystals may be
i ncreased by said process. 4-32852A -3 The sol vent system having an
effect on Qﬁ@ 55 ystal habit retards the c ystal growh of the preferred
grom h dir 'on and/ or enhances the crys gromh of the |ess preferred
crystal faces. The effect of the solvent systen1on the crystal habit may
ol vent

be smal | be en nced b erature ation

Systent i 4 SoNEnL BT ARG e B eyl TEDlgP RIS Gocva B aonn ah
addi ti ve. tiﬁlﬁreﬁéﬂ'édeg’rbwﬂvéﬁéﬁﬁbﬂ&ﬁdm ehRaf¢8 dhabryk2€ gRvdh of tHeBss preferred
crystallizat| ess, tg evapor at ed when dry t he processed
crystals; Cﬁ’ﬁlﬂ?gﬁ’%ﬁl 3%“? €ffpet ¢ éﬁﬁ\ﬁ@&}’e"fr§¥ﬁt@'alqwthet%és’@'gw’étrmalé9§t3€ﬂ@"i and
chosen InnfhyV@/eﬁHéa&ed:B@fgn%ra@Few@hg@l interactions, e.g. hydrogen
bonds or ionic bonds, between the solvent, solvents and/or additive and

io the crystal face may be formed. Steric effects may al so have to be
consi der eBYt SOMENtoSYStaNE’ Someant asojenk or seivartdmixtye. eqrpemwg prtipallytaron.

E.g. in thedigaser h@fso%nt SY¥itém rf4 B iFovel o iR ét*iﬁ of ﬁe%s@élhz%%ﬁ PhdceRs,

additive is chosen, I'n case "of hydrogen- bindin onpounds,
pr ef er abl - gaewe@éwmarmyla@ﬂmpr@pe@@é@mﬁﬁ!s Jweieeattly ms rgadvedve s

chosen. 15 Suitable solvents are those known to the skilled person, such

as a) a p?&ﬁ&al?r el ébl\fe?:'t ¥f‘s’!émsié'%ﬁoéb?1 %{@@th@mﬂal & drvdical |Kt%'i‘9étlons

preferably a kano wherein t radi cal may be |inear or

br Gnc hed §@e hy@@gmbn@mﬁo@r ionisthieade beﬁweers ttpr@b&ﬂblsomnwaar&m asigditvgrand,
gycl meeifgg@' faté "be ﬁﬂn&]ﬁ GRBHE ARG may- diko Faveltd b%aédﬁe?a&éoctoaaﬁlb@g

e g. acetic I'polar aprofic solvent such as an ester e
car boxyl i thea splyeriserysta og addjtye-opstal inlemction, Eeg. hyﬂ the ecarce ;0f aaRk etobite

an'de- o g0By e, PIAEHeL 4pol Shiveht oF AWtfuyoTE of¥ert anf  Yasd bPRicroith:
e. g. acet bindingidompoohds meferqtdy arhyduigen rlmnd«dohomr aaceatdxankyeet of. addlitivene

or hept ang As gﬁ/cl oal kane, e.g. 25 cycl ohexane; or an aronatic
i3'ch :
hydr ocar bon, toluene or xylene; or d) any mixture thereof.

15  Suitable solvents are those known to the skilled person, such as
a) a polar protic solvent such as an alkano! e.g. a Css alkanol, preferably a Ci4
alkanol, wherein the alkyl radical may be linear or branched such as methanol,
ethanol or isopropanol; or a cycloalkanol, e.g. cyclohexanol; water; an organic acid
e.g. a Cy carboxylic acid, e.g. acetic acid, o
20 b) adipolar aprotic solvent such as an ester e.g. a carboxylic acid ester e.g. isopropyl
C,_ acetate, ethyl acetate; a ketone e.g. acetone; an ether e.g. diethyl ether, methyl £
butyl ether; an amide e.g. formamide, dimeihylformamide; dimethylsulfoxide; a
nitrile e.g. acetonitrile,
c) a non-polar solvent such as an alkane e.g. hexane or heptane, a cycloalkane, e.g.
25 cyclohexane; or an aromatic hydrocarbon, e.g. toluene or xylene; or »
d) any mixture thereof.

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 crystaliine suspension is prepared by methods known to a skilled person.



Sui tabl e additives are those known to the skilled person e.g. those
described in J. Nyvit and J. Urich "Adm xtures in Crystallization" (VCH
Wi nhei-m 1995), the contents thereof being incorporated herein by
reference, The additive nmay be present in an 30 ampbunt of about 1 ppmto
about 10%4pgsygi ght of the drug substancg. The crystalline suspension is
prepared by nmethods known to a skilled person. 4-32852A -4- Typically,
the crystals are di spersed in a solvent systemso that a si gnificant
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Qgrom mately a si nus curve a tenperature hol ding step or

appr oxi nat el zZi curve . a curve _conprising a substantially
P hear hole imeans fesgperatire, andnieaferiosratyre PReliude JBRY g Shosgn topbai: Aab y

the t ermgigﬁ;reﬁrﬂ a@ﬁalrk loR U RN sBst ARl iBtcPEUNItORI BRY. %ﬁme’ierﬂ@aﬁé‘@o%i bf/arugmor e
20 preferably wiith the same tenperature anplitude. EI cal |

osci | | at fidmwtancsr t‘fypwlﬂm the dampaptae @'ﬁé"tﬁ‘ﬂ%ﬁ@i{sp%rﬁbw ecﬁo@?otlﬁ 1aGoﬁ°d
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time and cooling time may be each ? about 20 to about 120 m nutes,
e. g. 15 abeithe semgifapeach ossélamrprw@&hw@rséh@se@mf@rr@acht%@ﬂléﬂ%y be a
t enper ature hol di ng

The temperature oscillation curve may be in the form of approximately a sinus curve

with a temperature holding step or approximately a zig-zag curve, i.e. a curve
comprising a substantially linear heating step and a substantially linear cooling step. .
Preferably, the témperature oscillation curve 'is approximately a zig-zag curve, more
20  preferably with the same temperature amplitude. Typically, the oscillation starts with
(J | heating of the suspension.

In order to avoid fotal process time of several days, e.g. of more than two days,
heating time and cooling time may be each e.g. about 20 to about 120 minutes, e.g.
about 80 minutes. Between heating and cooling, there 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
towards 1:1 and the larger the particles. Practically, the number of oscillations may be
30  about 6 to about 16, e.g. about 8 to about 10, oscillations,

Finally, the suspension is cooled to a temperature below about 23°C in order to reduce



25 step, e.g. of a duration of about 5 mn. Preferably, the heating tine
may be shorter than the cooling tinme, e.g. the heating tinme may be about
25 mnutes and the cooling tinme nmay be about 80 minutes. In general, the
hi gher the nunmber of oscillations, the nore the aspect ratio tends
towards H-3g3pa the larger the particless. Practically, the nunber -of
oscillations may be 30 about 6 to about 16, e.g. about 8 to about 10,
oscillations. Finally, the suspension is cooled to a tenperature bel ow
about 23 B LI S
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Cryst al snrm:feasbéhabu!ktdleamtydr ug substance preferably have a nmean aspect
ratio of greater than 2:1, nore preferably greater than 5:1, nost
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nycophenol i-c, aci al kali metals, especial lﬁgt he sodium salt.

Pr ef er r e@NRYEIQUS; rEVCOPHg”%Wo'SOgW asfiesgriped ahA. B0y &1 6alaW.opt ai ned by t he

process of the invention have an aspect ratio of about 20 10:1 to about
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crystal sagfydrate. Examples of mycophenolate salts include e.g. cationic salts of

mycophenolic acid, e.g. of alkali metals, especially the sodium sait. 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
' C 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 profic 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 mycophenolate sodium, having properties as
described below:



nycophenol i c acid or a nycophenolate salt in acicular formw th an aspect
ratio of about 10:1 to 1:1 and/or a bul k density of above about 200
kg/rn3,-e.g. prepared by the 25 process of the invention described
herein. A preferred solvent systemis a mxture of polar protic
soluents,_?. m xture of water and an.al kanol such as indicated above.
A typical tenperature oscillation is at g mean tenperature of 42-47C with
an anplitude of 5-7CIn a further aspect, the present invention relates
to particular crystal fornms or 30 nodifications of nycophenolic acid or
nycophenol at e sodi um having properties as described bel ow 4-32852A - 6

A. I n oneAenbodi m‘ﬁsnémlbbdﬁmeht)\:tﬁéﬁm@ntrdsrelrdé@s th& &y@ﬂé}lﬁto@iifcm A gabd A
eno at e sod
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space gr aianed?2Mod A TRetMRbS il trraeraéh@mm@rgbacé chSﬂdJPEd@r Fhs m@mmeﬂrswh ahd
the follow di nensions are-in vol une in ace group:, P21/c a:
16. 54&( 4)vol LB'(‘JE aresshppn)below. thﬁk’wngl@m@ww@?a@w% volgmg inf5o7 8(6) z:
4 cal . [@askywup: 1. 397 o/ cnipd)f ferential scanning calorinetry (DSC) 15
The DSC curve'is rreasured |nrﬁ%ﬁﬁns with a heating rate of 10K/ mn for
identity. ™e DSC curve of 44(4)ati on A shows an endot hernic peak at
about 191 G,.due to the rreltl -,K fcess of the drug substance (corrected
onset tenperature with indium i runment: Perkin El ner DSC 7).
Ther nograviaretry 20 The t her2tBf343)i netry curve of the anhydrous
nycophenol g§,e sodi um Mod A s%g[vrf DO significant anount of |oss on nmass
fdti rJrG heatf*ng (i nstrunent: 4I( TGA850) .

V: 1627.8(6)

Z: 4
- cal. Density: 1.397 g/lem®

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 melting
process of the drug substance (corrected onset temperature with indium, instrument:
Perkin Elmer DSC-7).

Thermogravimetry

/ C 20  The thermogravimetry curve of the anhydrous mycophenolate sodium Mod A shows no
""" significant amount of loss on mass during heating (instrument: Mettler TGAB50).

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

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

Morphology

Mod A crystals are acicular, columnar shaped.



X- ray powder diffraction The X- ray powder diffraction pattern of Mod A
is showmn in Figure 1. The cal culated X- ray powder pattern using the
single crystal structural data is’in agreement with the 25 experinental
XRPD (instrunent: Scintag XDS, cal culations are perforned e.g. with
CERI.US 2 4 sﬁFQ@re package (Msl)). Morphojogy Md A crystals are :
aci cul ar, ummar shaped. 4-32852A -7- Infra-red spectrum The fol |l ow ng

i nfra-red absorptl on bands are typical for anhydrous nycophenol ate

-sodi um ification A 2927, 2863 C-H aliphatic 1718 C=0O | actone 1616
o ol of IRfTarted speGtr ‘11572 c_o carboxylic acid 1451 CH2, CH3 1372 CH3
1267 C O phenol _832 CGH . trisubstituted olefin B. In a further
enbodi ment, the hﬁfﬁ@ﬁwmgnnfr%reai ghporpiion hapgs e typigal for antivdspusof

nycophenol ate S V, ties as described below s
Dfferenti al gﬁ%ﬁﬁg&ég %@ﬁ@?r@agggé@%e DSC curve is neasured in

nor mal cl osed apepn, i2ges | y cl oseg@-ipanmshatict h a heating rate of 10Kfmn for
identity. The DSC curve of nycophenol ate sodi um hydrate shows sever al
endot hermi ¢ peak&!8uit h bot h panCr{jestoadd finally a peak about 191 C

correspondi ng t fhe nelting progess..of henol at e sodi um Mbd A
(i nstrunent: f%en El mer DSC-7 = BFﬁWg %@?t inetry The

t her nogr avi rretr rve of nycoppe m hydrate shows a | 0oss on
mass during hea?%g up to abou? ?g%%bgﬁg%lgﬁjt 5% corresponding to a

monohydrate (ifqggfument: Mettl eH, TEHS50).

C 1372 CH;
1267 C-O phenol
832 C-H o0.0.p. trisubstituted olefin
B. In a further embodiment, the invention relates to a crystal modification of

mycophenolate sodium hydrate having properties as described below.

5 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 191 °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 TGA850).

X- ray powder diffraction

15 The X- ray powder diffraction pattern of mycophenolate sodium hydrate is shown in
Figure 2. The X- ray powder pattern can clearly be distinguished from the diffraction
pattern of Mod A (instrument: Scintag XDS).



X- ray powder diffraction 15 The X- ray powder diffraction pattern of
mycophenol ate sodi um hydrate is showmn in Figure 2. The X- ray powder
pattern-can clearly be distinguished fromthe diffraction pattern of Md
A (instrunent: Scintag XDS). 4-32852A -8- Morphol ogy The crystals of the
hydrate arm8seadl e |ike, acicular shapedgparticles with a length of 20 to
600 pm Tenperature controlled X-ray diffraction of hydrate form5 The
crystalline hydrate is heated on the XRPD sanpl e hol der under 0%r.h. and
t he XRP%,?@M,%@}, recorded at different tenperatures (shown in Figure 3).
A change o he ray powder pattern is obtai ned while heating into the

t
anhydr ous_ cryst Mod A a 184 and 184 under, t
coni 1§ one e 5f et aftnesdi The, arcdisimane aﬂa&'% & i oF 55 fone
hydrate m@oqmli ng the XRPD pattern are obtained. This i.o0 result
corresponds very well to the DSC curve. C. In a further enbodinent, the

invention relates to nodi fication of the hemsalt of
rrycophenJ emRreraiye &Wt’&ﬁﬁ%%ﬂ@ﬂﬁ'ﬁwpﬁd’fWS@Ft fOH8 as described bel ow.

The single crystal structure of the hem salt of nycophenol ate sodi um
coul dsbe Tsel argstalline hiydrarhe ys hadted zos tHen XRR® samplei molderspedse 496 aup andltheThe

11 172( o)eD Bt riQorEE o b K o SR AR B8R0, f hebeagiex™
C a: 73. 68( ppwkt péitterR:is bbialSddwhile \reafidy a6 Ghe GriBy@dud criétaliiid Mod) A at
' 184°C. Beitween 30°C and 184°C under these conditions, two further crystaliine 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 mycophenclate 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: C P-1
a: 11.172(6)
b: : 12.020(8)
) c: 13.441(2)
C a: 73.09(7) y
B: 71.79(6) o Z
v: 84.63(6) c, on O
V: 1641(2)
Z: 2

Diff_erential 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 melting process of the substance (instrument: Perkin Elmer DSC-7).



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
nycophehol at e sodi um adduct (hem salt) shows an endotherm c peak at about
20 158 C due to the nelting process of the substance (instrunent: Perkin
El ner DS@-32)8524- 32852A -9- Thernogravi nef+y The thernogravi metry curve of
mycophenol at e sodi um adduct (hem salt) shows no significant anount of

| oss of mass during heating up to the nelting of the substance

(i nstrunarermigravigvetryGA850) . 5 X- ray powder diffraction The X- ray
powder diffraction pattern of nycophenol ate sodi um adduct (hemsalt) is

h . . | ] . " .
crystal e fefmBoralie 7 clive e tnvEophéodte Eibf YA L iahBHl il e ©
(i nst r umsignificgot amagnixBB)oss dfomaseodoryg heafiireup iy shalnseltig ohéhéhenbstahde

(adduct) | cul 8Fﬂurmar and | ath shaped norphology with a
| ength béﬁ%@wé&%ﬂgﬁ%rj’&f ‘and a wwdth between 5 and 50 pm D. In a
further enbodiment, the invention relates to a crystal nodification of

ny cophendl-ahe poudendiffrattiaomol sol vat e havi ng properties as descri bed
bel ow. 15 The single crystal structure of the nethanol solvate of

1ycophenghatg. SATLBIECRHaliBn SMerF b hicdbhuadiatel s3dimi Audute (heihitis"

space group P- e cell dinension an une are

Cryst al | 6bpwpin Eiguised elhgrenlgtated X- raypowder patterngipmgshe sisgle efystahsiiustural a:
7. 761 a: 3108 §PagieenbuitPtheExpeAmantal KRPEAiMImSnt: Tillsy xBid). ¢ 00O

C Morphology

10 The crystals of ‘the hemisalt (adduct) have a acicular, columnar and lath shaped
morphology with a iength between 20 and 200 ym and a width between 5 and 50 ym.

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

15  The single crystal structure of the methanol solvate 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=976.3
C Cell dimension : a: 7.761 a: 109.96°
20 b: 9.588 B: 95.99°
c: 14.094 y: 83.05°

CH,

CH, on ©

Na*. CH,OH . H,0



OCH3 OHO Nat . CH3OH . H20 4-32852A -10- Differential scanning
calorinetry (DSC) The DSC curve is neasured in pans with a heating rate
of 10K/ min for identity. The DSC curve of ERLO80 nethanol solvate shows
an endot herm c peak at about 66 C due to the nelting process of the

met hanol gabgedg foll owed by smal |l additijgnal endothermic peaks 5. up to
a transformation to nycophenol ate sodium Md A and the correspondi ng
endotherm c nelting peak at about 188C (instrunment: Perkin El nmer DSC- 7).

Ther nogr am Hfal Jﬁ%n}‘pﬁ%gm’\é&ms\pcurye of the methanol solvate shows

a 5|gn|f|c during heating of about 7.4 %
(i nstrunment: I\/bttl er TGA850) to X- ray powder diffraction The X-
powder di {79 RSG eHvpis meawr@ql impansoNitha ihaetingsieés ohd %wqusudwm;;ﬁf@ BSC

shown i n. clr@ur EREOBJ R thbf suiaite Shdws 5ﬁ3én88tW9ﬁﬁuc pakk 8f Ahdtit e@qd &s'e pigl e

crystal structural data is I1n agreenent wmth the experlrrenta

(i nst r umemelingqregass oXii® metmobﬁ@lv@gyolmeﬂw &mglé additionsl enﬁ@thﬁﬁmanﬂﬂks
sol vatse aps 0§t bk nﬁbﬁéloﬁhﬁpﬁ@z&ggéﬁ&%eéo%mc Q}dwranos hﬁé’%rP@s{pbh&,th

with a dianeter between 100 a pm urt her enbodi
i nvent i onendsithgranc meiting peglks ababaubd 881G tinstawmant: PackimlophBiEHEt e sodi um

nmet hanol solvate Il having properties as described bel ow. 20 The single

crystal ﬁ bﬁe met hanol solvate Il of mycophenol ate sodi um
coul d bes'hg%ﬁ/éet&ﬁw et rystallizes in the triclinic space group P-1. The

cell di rre Si on and vol une are ,shown bel ow, Crystall OWP I ¢ space group
p-1 z = 2'he/thegypgravimelly cuys ehliegnethagol splveieyshows a capsagiounpof7logs
( f 101. 7h Rhas§ durdiy REFinY of A8dutd %. 4ndieGRcA: Mblter TGAS50)

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
: C mycophenolate sodium methanol solvate Il having properties as described below.

20  The single crystal structure of the methanol solvate !l of mycophenolate sodium could be
solved. lt crystallizes in the tnchmc space group P-1. The cell dlmensmn and volume are

shown below.
Crystallographic space group: P-1 ,Z2=2, V= 996'4_
Cell dimension : a: 9.179 a: 113.27°
25 b: 10.724 B: 101.76 °
¢: 12.098 y: 104.44°



CH3CH3 O plI \ O O/ CH3 OHO Nat . CH3OH. H20 F. In a further
enbodi nent, the invention relates to a crystal nodification of 5
nycophenol at e di sodi um salt, nonohydrate having properties as descri bed
below. Differential scanning calorinetry (DSC) The DSC curve is neasured
in pans w32852Aheating rate of 10K/ mn fo- identity. The DSC curve of
mycophenol at e di sodium salt, nonohydrate shows several endotherm c peaks
up to the nelting of the substance in tightly closed pans and only one
endot herm ¢ peak lo atcapougHl79C in normal closed pans (Perkin El mer
DSC-7, vsp pans). Thermbgrav{metry The thernogravinmetry curve of

mycophenol e olydrate shows a | oss on mass during
heati ng of @ 5 ; (instrunent: Mettler TGA850). C.
X- ray po i | ‘ ¢ ray powder diffraction pattern of

drate is shown in Figure 6. The X-
ray powder diffracgion pattegn of ghe disodiumsalt can clearly be

di stingui shed fromthe X- ray powder pattern of Mbd A (instrunent:
Scintag XDS). Morphol ogy Q}g ‘%&y a*ls of the disodiumsalt nonohydrate
are lath shaped, light bre b 3‘%’&r i@l es 20 with riled surfaces.
4-32852A -12 G In a further enbodinent, the invention relates to a
crystal nodification of nycophenol ate disodium salt, pentahydrate having
properties as-described bel ow The single crystal structure of the
nycophenol at e di sodium salt, pentahydrate could be s solved. It
crystall zes il RfngPaHdathént B fvehdtP reidies ©°h! crfBP RRARAREN of0! ume
a( 5 mycophenolate disodium salt, monohydrate having properties as described below.

mycophené di sou

Differential scanning »célorimetry (DSC)

The DSC curve is measured in pans with a heating rate of 10K/min for ideniity. The DSC

curve of mycophenolate disodium salt, monohydrate shows several endothefmic 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 to about 250°C. (instrument: Mettler TGA850).

C, | X- ray powder diffraction

15 The X- ray powder diffraction pattern of mycophenolate disodium sali, 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.



Crystal | ographi c space group: P 21/c, Z = 4, V= 2128 Cell dinension : a:
14.495 R 97.15 b: 17.613 10 c: 8.401 CH3 CH3 Mal. 5HRO1 O 0 O O
CH3 OH.O After: storage of the di-sodiumsalt nonohydrate for 4 weeks at
40C/ 75 %r.h. in open ampoules, it changes to the di-sodiumsalt 11
pentahydrgixgsoAhis is the only material 145 obtained beside the single
crystals. The i1dentification of the pentahydrate is done using C the
single crystal structural data. Thernogravinetry The thernogravinetry
curve of di-sodiumsalt Il pentahydrate shows a significant amount of

| oss on mass during heating of about 19.8 % (instrunment: Mettler TGA850)
20 X- -r aye.powdera dirtHer aarnbadiméhie the inegntippweEateditd far anystabmadificadion off

e T
B e Y it

modi f & catsblvad.oit crys;aﬁnph émiblei morastdinic spaEte grqupo PRHe ¢adisdimsnsies and hetinebew.
The si ngIF )6 structure of nycophenolic acid (salt free form of
mycophengl'@¥&>® SOdI un) coul d be solved. It crystallizes in the

tricl . i d vol h
bel ow | CRy A eE EACe S Pz =8 e 21207 V2 Yoe 3 et
di mension 4 fhersion> & 4193488 p:o7.15°

B b: 17.613

C

10 c: 8.401

CH
2Na*, 5H,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 Il pentahydrate. This is the only material
15  obtained beside the single crystals. The identification of the pentahydrate is done using
. C the single crystal structural data.

Thermogravimetry

The thermogravimetry curve of di-sodium salt Il pentahydrate shows a significant amount
of loss on mass during heating of about 19.8 %. (instrument: Mettler TGA850)

20  X-ray powder diffraction

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



b: 9.552 G3: 90. 89 10 c: 11.643 y: 90.74 D fferential scanning
calorinetry (DSC) The DSC curve i.s neasured in pans with a heating rate
of 101Vmn for .identity. The DSC curve of nycophenolic acid shows an
endot herm ¢ peak at about 143 C due to the 15 nelting process of the
subst anceg gagyar ument 1 Perkin El mer DSC- {}. Thernogravinetry The

t hernogravi netry curve of nycophenolic acid shows no significant anount
of loss on nass during heating up to the nelting of the substance
(instrunment: Mettler TGA850). X- ray powder diffraction 20 The X- ray,
powder . di ffraction pattern of nycophenolic acid is shown in Figure 8 The
cal cul at ddl X- Inay fphateempaditnent) thei ingentioa wiaigd do & yaisédl rsbdificationabf dat a
isin agreemaﬁt .Witl’a }_‘he experiment al XRPD iinstrument: Sci ntag XDS).
Mor phol odJYeePRENAiLACid, faving pﬁiﬁ?&ﬂ?@ﬁ gsgn e irregul ar shaped with
adhesive particles wth,a 25 l.ength of <50 to, > 400 pm 1. In a.further
erboai merite sheler FvBle uflcns s eBeapranelky 8o (saisciraq Bdim i tppedprenolate”
my copbenaodksn)s caliidirbensdived.e ltForystalizéH \inriae etribirid efat® HOGC)P-haviThe cell
properti ecﬁ_aas 4-32 SéA -14- descyribed below. Form B is produced by
heating (HEESIRN BNEVIUMEREe KIOWN,0eIOW | ¢ hol der to about 85C and then
cool ing the ,substance down to _roomte rature. The X- ray pattern at 85C
and af t er“ %318 Smlgrﬂb":té)"lr' ﬁ%%@%%ure (shown in Figure 9)
correspond . to 5 each other, (instrument; Scintag). Differential scanning
cal ori metss) 4BRRSIOATHhe D %u%@e i SOn%<'ed in pans with a heating rate
of 10K/ mn for i gegéity. The DSC curve shows three endotherm c peaks.

The final endd hErréc peﬁakge&gresponds to the nelting of nod A
(Anstrunment: Perkin Elmer DSC-7). io Thernogravinetry The

t her ABgr avi rretQ*;ﬂ“cﬁﬂ?’ve o BB/t B shows a I oss on mass duri ng heating of
about

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 ElImer 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 pattern using the single crystal structural data is in agreement
with the experimental XRPD (instrument: Scintag XDS).

Morphology

The crystals of mycophenolic acid are irreguiar shaped with adhesive particles with a
25 length of <50 to > 400 pym.

. 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



1% (instrunent: MettlerTGA850) X- ray powder diffraction The X- ray
powder diffraction pattern of FormB is shown in Figure 10 (instrunent:
15 Scintag XDS). J. In a further enbodinent, the invention relates to a
crystal nodification of nycophenol ate sodi um hydrate Form C (hydrate
heat ed t o43bgssa 155C) having C propertigg.as described below. 20 The
Form C i s produced by heating the hydrate on the X- ray sanple holder to
about 155C and then cooling the substance down to roomtenperature. The
X- ray pajdRhfedbelow>oC and after subsequent cooling to tenperature
(shown in Figure 12 correspond to each other (instrument: Scintag )

Differentg i ¢ i b
pans. w11 AThEat PRod el Tychedll o thiile 67 tigR: T/ sitbld0 o BB 4 ®
C shows tand thedowobngrihe puhstancerdsawn ogroofn Emperaturte: divei X+ iy paitevbdt 85°Gind
then nel t} e I

4-32852A é’%ﬁ“ﬁ%‘#’%@é%@. “féeat’rr'@ t°rh|}/8 her%o%?%’é%&‘} .Eﬁéﬁ]r@ Bites nﬁ@&a %%)Ws
a | os$ oreachxthet(instrgmeekSicimpg)f about 0. % (instrunment: Mettler
TGA850) X- ray powder diffraction 5 The X— ray powder diffraction pattern

emboai nerRierE Beo B Fahers B3E) DT e et cai pr cpar al ?OLS” e

conpri sin one or npre of the above crxstal nmodi fications, or
in a mxtUreeDe6rRywyssisipeasird ingrass withraheatingHatepfo\ i/ minfof aientlty The BSC

~modifi catd pps shc?vl?seilﬁéé‘@nﬁoﬁ@ﬁmg O:f‘e%ﬂé afhe ’ﬂﬁalcé}mai e?ﬁu&ﬁ@al@&oﬁ%‘boﬁﬁé’ 35 Fhe

nodi fications in greater nore preferab greater than 95% nost
pr@f erab|rpelgm@atr@adﬂmﬁnstgmemowﬂrm@meﬁD@ﬁ? .y, e.g as as determ ned by
ay powder diffraction, DSC and IR spectrum The invention also

rel at.es t IIy pure form of each of the above crystal forns.
15 Thlg vaﬁegﬂ'? gﬁﬁammdi fications may be prepared by crystallization

or recr al Li zati on of
ySIth thermogra\rf}metry curve of Form B shows a loss on mass during heating of about

1%. (instrument: Mettler TGA850)

X- ray powder diffraction

The X- ray powder diffraction pattern of Form B is shown in Figure 10 (instrument:
15  Scintag XDS).

J. In a further embodiment, the invention relates to a crystal modification of
mycophenolate sodium hydrate Form C (hydrate heated to about 155°C) having
C properties as described below.

20 The Form C is produced by heating the hydrate on the X- ray sample hold'er to about
155°C and then cooling the substance down to room temperature. The X- ray pattern at
155°C and after subsequent 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 endothermic peaks: melting of Form C transition to Mod A
and then melting (2™ endotherm) of Mod A. (instrument; Perkin Elmer DSC-7).



any fornms or m xtures of nycophenolic acid or nycophenolate sodiumin a
solution conprising water and/or an appropriate solvent. Modification A
may be formed e.g. by crystallization of nycophenol ate sodi um from

i sopropanol . The hydrate form may be produced by dissol ving '
nmycopheno} g3gso90di um i n net hanol , addi ng; fqueous sodi um 20 hydr oxi de and .
preci pi tatl ng this solution in isopropano Heating the hydrate formto
85 or 155C |eads to the formation of fornms B and C respectively. The
hem - sal t ned by crystallization of mycophenol ate sodi um
from wateﬁl;ﬂg?%' 2’?@"&%‘3’ at pH4 to 6. |If the pHis lowered to bel ow 2,

the free acid form may be obtai ned. Methanol solvate forns nmay be

" obt ai ned W tbemwwmﬁv icHfyest Fepn &psiavei ailoss 98 mass dun@mr@aﬂmgpﬁal@otmo 25

net hanol RN Gn¥RiRENt: Heﬁfé“l‘GA%"sﬁf may be obtained by crystallization from
an aqueous solution of nycophenol ate sodium preferably containing an

I ncreased concentration of sodiumions and at a pH greater than 8.

Cryst al s X-tay powder elifffactiae of the nodificati ons descri bed above at A to

J, as well as crystals obtained by the nodifying or recrystallising
processesThef Xt ey poadentifirastiont patiern 39 RIrd Celsesoath 10 FiteiRe e20(ihdtrafent:
crystals of t&& nvention". The crystals of the invention nay be

f or mul at &t i nistration ih any conveni ent way, e.g. in the form of
tablets. 4- 32852A 16- Tablets may be obtained e.g. by granulation of the
crystals of the invention followed by conpression. Tablets conpri sing
crystals of the invention have an inproved hardness, .g. a hardness of

Zzut 13dNfurthes saRodinaerNs, the dnvention r%!ﬁeﬁ do PE%@’QCI‘?HPFE'A@&RHW%COT%W@‘”Q
| &8ss t hapnakp yhorl.of the dBdeSdrystaBviodficativns, el tAhebSin éanﬁktur%rlid?ﬁ;br%w@oﬁfoed

tablets. s Suitable coating materi al corrprlses e.g. dr oxypr opyl
met hyPcelor MBS i Agvar @ystal rmogfi calipREP PEEDIY-the Rﬁ?ﬂﬂf@?ﬁlsl g‘m@mm%of

e.g. |iropmdxhde nﬁd&ﬁ‘l‘lcﬁﬁéﬁé’ﬁn :%a%r thalfbgat 'n'itﬁ‘e Hré%?‘abl;ﬁgﬁﬂa%r thhk agywmnost
di oxi de. Tabl'etting proced ures whi ch may be used e conventional or

known i n Preferakin greater fbane 89 Grpalyoerpbicorsiiures 835 detm@laeféi@yc)ﬁ-r@elowcam
Lachman %Effré‘étronTESCTé}ﬁPr sﬁﬁ%ﬁ'urrp T ﬁ@éﬁﬁh%ﬁelét%%@%&'e@%eﬁ%&r@?é’forrfﬁr d

Ed, 1986, H Suc armazeut1 sc Techn gi e, Thiene

Hager s H&’ﬁlmi'b@ftb%ﬁb@\mafﬁw.abf@fmsChen Praxis, 4th Ed. (Springer Verlag,
1971) and Rem ngton's Pharnmaceutical Sciences, 13th Ed., (Mack Publ.
Co. , 1397(0heyerious eystabimpiifinations may be prepared by crystalhzatson or recrysta!hzatlon of

any forms or mixtures of mycophenolic acid or mycophenolate sodium in a solution
comprising water and/or an appropriate solvent. Modification A may be formed e.g. by
crystallization of mycophenolate sodium from isopropanol. The hydrate form may be
produced by dissolving mycophenolate sodium in methanol, adding aqueous sodium

' C 20  hydroxide and precipitating this solution in isopropanol. ‘Heating the hydrate form to 85 or

155°C leads to the formation of forms B and C respectively. The hemi-salt may be
obtained by crystailization of mycophenolate sodium from water, preferably at pH 4 to 6.
If the pH is lowered to below 2, the free acid form may be obtained. - Methanol solvate
forms may be obtained by crystallization of mycophenclate sodium from a mixture of

25 methanol and water. Disalt forms may be obtained by crystallization from an aqueous
solution of mycophenolate sodium, preferably containing an increased concentration of
sodium 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
crystais 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 v’vay; e.g. in the form of tablets.



Accordi ngly, in another aspect, the present invention provides a

phar maceutical 15 conposition, e.g.. in the formof tablets, conprising
crystals of the invention, and a pharnaceutically acceptable carrier. In
anot her aspect, the present invention provides drug substance crystals of
the . i nvepsbgypf or use as a pharnmaceuticgk.or in the preparation of a
pharmaceutical conposition for use in any nethod described. in the art
for said drug substance. 20 Furthernore, the present invention provides

‘n ' : o / : O
for tne prafeohd s Anbls o BISARAGN o e GHTBRH NS Mo lor RfokEY BT, "
known t hesasfipressiem datheds corbprising crystalsaofithe ventompaysiani iopsoved hardness,

i nventio o) L Sl | C | 1 no S -

userul aseSranastieRheLEaR BOR AR, T The UraRARIEIRt dhar BB vi 1y
25 and chagales® thant aboait 0f3%.HEablelspusi be coeed fablidig e.gvemitriovoatay thislets.

I ndi cat eda . tandard clinjcal trials o nimal tes s descri .g. in
v o7 FaacudlEoi BB, whieBl SRmpttes o uBPyBRmL At eSS mifdeBsl..
The phar nagedPMCH HPBOER dptionailyobiginkats) B)ge bih oRide CiNigbting) @.gnisdigbineo! i ¢
acid or n%cogggﬁglate Bal% are useful as i munosuppressants and in
particul df%% & andtn f9X%wi ng condi tions: a) Treatment and prevention
of native or transgenic organ, tissue or cellular allograft 4-32852A -17

or xenogradhletlingfpeprbaures wmaﬁ Be Lt@e? mdytie wﬁlehﬁﬁ BE Rhoved i e e{n ént s
eart. - I ane reatl C,

of e.g. heart, lung, conbined ung,. .liver, , _pa

ki . ra RERE o SUE PERCOUIS 6 0 bied erelibbi dp Le Ehcnusin ¢ A B apoy and

y ﬁ' udi NPraétRt O THdusttial IPharRady, Tid Ed, apadsee H.I Slidker i, Phashdmitisched
pkeventiqn of hyperacute rejection as associ ated s mnth,xenograft

rej ect i onkechRRIogiec Ehigme: 199 Iﬁagc%hiaﬁégmde;mhaﬂnezwf@m Biaxise 4th Eds

associ at qepMhded VHiRE! 19PHSAld REARRIGY's PREFRIERAS tdciheesf 13thEd. Ningadk on
are al so _1ndlcat ed tor the.treatment and prevention of graft-versus-host
di sease, RibbnCas 197Q)ardateheditiente narrow transpl antation. b) Treatment and
prevention of autoi mmune di sease, e.g. inmune-nedi ated di sease 10 and

i nfl ammtﬁ&:&:bﬁrdﬁ@(l}ﬁi inl BRSther AsPadt! itise! | REsdnb fihARNBA OirbviBe d (HhaRfadddtida@n
etiology including an imunol ogi cal conponent such as arthritis (for
exanpbe RBWEELIRN.0S.9. in the form- of tablets, comprising crystals of the invention, and a

pharmaceutically acceptable carrier.

In énother aspect, the present invention provides drug substance crystals of the

invention .for use as a pharmaceutical or in the preparation of a pharmaceutical

composition for use in any method described in the art for said drug substance.

20 Furthermore, the present invention provides the use of crystals and the

C pharmaceutical compositions of the invention for the preparation of a medicament for
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 animal test as described e.g. in WO 97/38689, the content of which is
incorporated herein by reference.

The pharmaceutical compositions of the invention comprising mycophenolic acid or

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

a} Treatment and prevention of native or transgenic organ, tissue or cellular allograft



arthritis, arthritis chronica progrediente and arthritis deformans) and
rheumatic di seases. Specific i mmune-nedi ated di sease for which the
conposi'tions of the invention may be enpl oyed include, autoimune
hemat ol ogi cal disorders, as including, but not limted to henolytic
anaem a,4-ap8@st i ¢ anaem a, pure red celdif7- anaem a and i di opathic

t hronbocyt openi a), system c | upus erythematosus, polychondritis,

scl erodoma, Wegener granul osis, dermatonyositis, polymyositis, chronic

active hepairixehsgrartrandpianPidigdtionCh.gl P Ths treahiitiit BE FdcihisNitd \oF 8.g. AR asi s,
St even-Johr]son S ndrong), penphi gus, i di ophatic sprue, inflammtory bowel
20 di sease "N cFURRIRGH degrt-lung, divet.i Kidnaye Inappeatingskin.opancesticsisiptegell,

endocrine  RdINGIMBPRBIRYI trEhHAR: SHARARE t@ﬁfﬁ&{td@ﬁ Prevaplidd Rifeacute

sclerosis, juvenile diabetes (di a}bet es rellitus type |I), non-infectious
uvei tis (arBiselie Earimens eRd ipsrvENtion |of hwperasuieureiadlion: pg. Ascassogiatedser nal

ker at:ocon] YN & bk ek .St 4] Hlﬂéh | IS, | Al rdhrddis,
_vasctC?I it swgf%e\r?ebptﬁtorﬁ!sp '?‘?'-t%lngetg r\?vll:}t éirPJQ %&??@&f cﬁ%g[?r%ﬁcgo&%& 45
syndrome, sgociated|with argft-ugseplidisaasen&hdicompesitigmdebiing ioyentioniaralalashange
nephr opat hy) 4 eV R L | g a :

required dgidégée{g?mf lﬁgfttc%éﬂgé%og%ggg%dﬁ%ﬁ ﬁ%ﬁo‘}ﬁpﬁ‘ﬁﬁ?ag gag?JbésL{?:gnacse
used, the rfolltwing bertinairowrteansplantatioe parti cul ar condition to be treated

and e AP ahd Brbue e SRS oS PL SR AL RO Lus e

provi des’a e preevent i'veror ansgeni c
organ, ti ssand inftancrebiony esnditioms cingrariidulay fanahatogyr edrditions witkreogetidiagy

£ event  ng bt of nfikoBhBleat dahsatipr Sl 8 SERAES o ChsASE el Bl .
such as a 4rBRGS 2xthritis-chinoniean peogredibete amd arthritis) Hpfechansjoamd riseungatic
N Ty h
nycophenol #ivented tmapr bef estplyed pinclade Ofautdimnitingu hemakolbgigalr disbrdgiows t he
oo o i 8 SRR3R aa B efena o, o
nmycophenol ahgemRdidn® haigpathe. thrombocytopenia), systemic lupus erythematosus,
polychondritis, 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 melliitus type [}, non-infectious uveitis (anterior and posterior),
C keratoconjunctivitis sicca and vernal keratoconjunctivitis, 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'recjt.iired dosage will of course vary 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



Figure 3 shows XRPD pattern recorded at different tenperatures when the
crystalline hydrate is heated on the XRPD sanpl e hol der under 0%
relative humdity. io Figure 4 shows the X- ray powder diffraction
pattern of nycophenol ate sodi um adduct (hemisalt). Figure 5 shows the X-
ray -powdér32852Aracti on pattern of nycopbggiol ate sodi um net hanol sol vate.
Figure 6 shows the X- ray powder diffraction pattern of mycophenol ate

di sodium salt, 15 nonohydrate. Figure 7 shows the X- ray powder

di f f r act hamaRartRdr Kimdl St5)Ektu Bbr%ﬁhémd 'adﬁfﬁﬂét@ﬁﬁi%@iﬁé sublj é&uefr?eﬁeéth/@""s
the X- ray powder diffraction pattern o henol i ¢ aC| 20 Figure.9

shows t hamguntgha sfémp@mpraﬁomamwmryﬁf@iﬁp@f em\@@h@ﬁ ofyyepnhensliaesidsedi um
hydrate EQryBoBheddiglllsgit10 shows the X- ray powder diffraction pattern of
Form B. 25 Figure 11 sLows The X- ray pattern at various tenperatures for
nmycophenol ate sodium hydrate Form C. Figure 12 shows the X- ray powder
di f f r act Poef grsctietion ofthebiowres, The fol | owi ng Exanpl es serve to

mono- sodl BTN e Eitay POy Beadn eI of AR Al e O AR

from i soprogifigatin Af i Itratlon and drying at 50C in a paddl e dryer. The
crystals have a nean length of 20-50 m a nean width of about I mand a
bul k dehiglre/2 showsbhthetX-rap peedendjffragtion pattarn pf mytophenolatesodiviodydatyst al s
is nodified as 35 described in Exanples 2 to 6. 4-32852A -19- Exanples 2
to 5. 40Figurst 3nghowsh¥iRBDapattemn recarded amdﬁwrentdeweeatlunes_ermgstmesmiaﬂied in

Exanpl e pLe i< AT s MikokP 0t bolll AN ok Rlvelipflgty, Xi Ng ratio of

9515 in a'’s |rre Vesse suspension i s oScil at a mean

t enprr at Gigereod sHAVG et ray pawgén diffrdetiaf pattern Gﬂmycd'pﬁenplate mﬂlwﬂ avidgct
osci |l | at g_%&%azt 110 mi n, the nunber of oscillations is given in Table 1.
The proc erature is controlled in a way that it perforns a

zi gzag- chigue Dsleows the X- ray powder diffraction pattern of mycophenclate sodium methanol

solvate.

Figure 6 shows the X- ray powder diffraction pattern of mycophenolate dlsodlum salt,
15 monohydrate

Figure 7 shows the X- ray powder diffraction pattern of di-sodium salt !l pentahydrate.

Figure 8 shows the X- ray powder diffraction pattern of mycophenolic acid.
20 Figure 9 shows the X- ray patiern at various temperatures of mycophenolate sodium
hydrate Form B.

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

25 Figure.ﬁ 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 Jong rods of mycophenolate mono-sodium sait, anyhdrate (mod. A) are obtained

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

crystéls have a mean length of 20-50 ym, a mean width of about 1 pm 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.



time. 240 g of ethanol are added and the suspension is cooled to 0C
within 3h. After C l1lo filtration and drying in a rotary dryer, |arge
conpact crystals are obtained. The final bulk density is given in Table
1. Table 1. Ex.2 Ex.3 Ex.4 EX.5 nunber of oscillations 5 6 10 16 bulk
density R385 280 310 380 490 Sinilardlg; the nycophenol at e nobno-sodi um
salt may be suspended in nethanol/water in another mxing ratio ranging
bet ween about 98:2 and 90: 10. 15 Exanple 6: 20 g of mnycophenol ate
nono-sodium salt crystallized as described in Exanple 1 are suspended in
60 g of nethanol/water in a mxing ratio of 95/5 in a stirred vessel. The

suspensi n i oa iLlated at a nean tenperature of 44C with an anplitude
of +/- 1 od of one oscillation is 160 mn, the nunber of .
oscil | at4m990flrﬁyo%phéfﬂrtﬁat@rrﬁm§od|@ra slaﬂrﬁﬁﬁmﬁzé@easj SoscFibbE M ER8mble maﬁ@y
that it rforr(rﬁ’ﬁa Si nus-curve over ting, of ethanol are added

during 18PEYE éﬁ@tgzoft Trethgael/watgk ’F(ﬁf“lxé!’gd'éﬂ? PF\ He/3.in pridige t"ﬁés%'ugb%nm on
is cgol %sb@n@&l W csd&mate%hat :.Nﬁe%h tgrlﬂpertahﬁe of Mai@b@maerrﬁa;%b;hma@af ancb gried

in arotary dryer. final bulk density is kg/ nB anpl e
CorrponenTheaPRi'lﬂﬁ’IOflf%‘i‘e[%]”a%Hﬁ)'ﬁri‘t10|fﬁ*"[ Wﬁ]nunmﬁé@bﬁéﬂ'éﬁt'&ﬂé !%@Merumwzed 384.8

4- 32852 Ay 32% htuAdRUEntédlled P A 8l it fariofHs a ﬂé%étﬂ% dveet 0se
- 45.0 90.0 ospovi done 32.5 65.0 Povidone K30 PH 20.0 20.™0 Mai ze Starch

10. 3 20.tne.col | oi dal silicon dioxide 6.6 13.2 Magnesium stearate 3.3 6.5

240 g of ethanol are added and the suspension is cocoled to 0°C within 3h. After
(: 10 filtration and drying in a rotary dryer, large compact crystals are obtained. The final
butk 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 90:10.

15  Example 6:
C, 20 g of mycophenolate mono-sodium salt crystallized as described in Example 1 are

suspended in 60 g of methanol/water in a mixing ratio 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
20  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 to 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]l amount in [mg]
Mycophenolate sodium 192.4 384.8




Enteric coating: Hypronellose phthal ate HP50 42.0 65.0 Titanium di oxi-de
2.9 4.7 1lron oxide yellow 0.08 0.17 Iron oxide red 0.17 Indigo carm ne
0.039 Mcophenol ate sodi um Povi done0 K30, silica, colloidal anhydrous
are m xed, wet- granul ated using ethanol 94% (ww, mxed with | actose
anhydr ou#-33%afde starch, Crospovi done0-2&nd magnesi um stearate; and
conpressed to tablets. 5 The tablets are coated in a perforated pan
coater wi.th a _solution of the coatin i ngredients in ethanol (with 5%

i sopropan IE é gﬁetone. The t abl eEﬁ have .a hardness. of 130 to 156 KN.
Abr asi on Lo Oh . ﬂﬁlﬂ;ﬂ-@%&aﬁﬁwﬁ' n acicular drug
subst anceAnhydroeslaapect rati o of abihuy 10:1 togpd and/or a bulk
density o A out 200 kg/ n8. 2. ystals a ding to claim?7
wherein t é&%g?"?ﬂﬁ%r drug substance %Zscg rrycophe%g;roéc acid or a
nycophenoPavidorsaK80 PB. A phar maceut i20a0 conposi t40o0h, e.g. in the form of
t abl et s, rd, sl ng crystals of clam7 or 8 i sociation with a

phar mceu%@%ﬁt@mﬁccept abl e carri erfa'IO . Crystal ?00 claim8 for use as a
phar maceuColidlal sBicorddiokidet al nodi fi c#td on of myci@rhenolic acid or
nycopheno} at e sodi um havi ng one of follow n haracteristic crystal
structure&‘,%gﬁ%st"émr#% eby nmeans of ahnf(-ray Si ngté crystal analysis, or
having an X-ray powder diffraction pattern as defined below a)
nycophenoEatedc soatingm anhydrate, nodification A, crystal system

nmonocl i ni ﬁygrg%%ﬁo&r&%ﬁa:iatgw& a: 16.43%4( 4) b: 4'6%7(7( 1) c: 21.993(3)

C Titanium dioxide 2.9 4.7
Iron oxide yellow . . 0.08 0.17
Iron oxide red Tk 017
Indigo carmine 0.039 -

Mycophenolate sodium, Povidone® K30, silica, colioidal anhydrous are mixed, wet-
granulated using ethanol 84% (w/w), mixed with lactose anhydrous, maize starch,
Crospovidone®, and magnesium stearate; and compressed fo tablets.

5 The tablets are coated in a perforated pan coater with a 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%.



R 92.14(1) V: 1627.8(6) Z: 4 cal,, Density: 1.397 g/cnB8 b)

nmycophenol ate sodi um hydrate; havi ng an X-ray powder diffraction pattern
with ch [act_erl stic signals substantially the sane as those shown in
Figure 2% henisalt of rrycophenol ate sodi um anhydrate; crystal system
triclinic space group: P-1 a: 11.172(6) b: 12.020(6) c: 13.441(2) a:

73.09(7 6 © 1641(2 ophenol at e
Lot oo et Bvatils dian, heieuter iy Spbsthadsviy an apedt rioshatint g TIS FThl T o
7.761 b Shdi butk ddrkitpBrlabove aBHA 286 kghi®. 95.99 Y: 83.05 V. 976.3 Z: 2

2. Crystals according to claim 7 wherein the acicular drug substance is
mycophenolic acid or a mycophenolate sait.

3. A pharmaceutical composition, e.g. in the form of tablets, comprising crystals of
claim 7 or 8 in association with a pharmaceutically acceptable carrier.

4, Crystals of claim 8 for use as a pharmaceutical.

5. A crystal modification of mycophenolic acid or mycophenolate sodium having one
of the following characteristic crystal structures, determined by means of an X-ray
single crystal analysis, or having an X-ray powder diffraction pattern as defined
below:

a) mycophenolate sodium anhydrate, medification A;
crystal system: monoclinic
space group: P2,/c

a: 16.544(4) b: 4.477(1)
c 21.993(3)

B: 92.14(1)°

Vi 1627.8(6)

Z 4

cal. Density:  1.397 g/em’®
b) mycophenolate sodium hydrate;
having an X-ray powder diffraction pattern with characteristic signals
substantially the same as those shown in Figure 2;
c) hemisalt of mycophenolate sodium anhydrate;
crystal system: triclinic
space group: P-1
11.172(6)
12.020(6)
13.441(2)
73.09(7)°
71.79(6)°
84.63(6)°

=T e o T e



e) nycophenol at e sodi um net hanol solvate I1; crystal system triclinic
space group: P-1 a: 9.179 b: 10.724 c¢: 12.098 a: 113.27 R 101. 76
Y: 104.44 V 996.4 Z 2 nycophenobate disodium salt, nmonohydrate; having
an X-ray powder diffraction pattern with characteristic signals
substantially the saﬂp as those Wﬁmﬂ in Figure 6; g) nycophenol ate

di sodi um sal t, pentahydrat e; éﬁé% Al system nonoclinic space group: P
21/c, a: 14.495 b: Z17.613 <¢28.401 R 97.150 V 2128 Z 4 23 h)
nycophenol i c acid; crystal systemtriclinic space group: P-1 a: 7.342
b: 9.552 «c¢: 11.643

d) mycophenolate sodium methanol solvate;
crystal system: triclinic

space group: P-1

a: 7.761

b: 9.588
c: 14.094
a 109.96°
B: 95.99°
Y: 83.05°
V: 976.3
Z: 2

e) mycophenolate sodium methanol solvate II;

crystal system: triclinic
space group. P-1

a: 9.179

b: 10.724
¢ 12.098
a: 113.27°
§ 101.76 °
Y 104.44°
\Y 996.4

z 2

f) mycophenolate disodium salt, monohydrate;
having an X-ray powder diffraction pattern with characteristic signals
substantially  the same as those shown in Figure 6;
g) mycophenolate disodium salt, pentahydrate;
crystal system: monoclinic
space group: P 24/c,
14.495
17.613
38.401
97.150
2128
4

N <™ a oo



a: 102.700 R 90.89 Y: 90.74 V 796.3 Z 2 i) mycophenol ate sodi um
hydrate form B; having an X-ray powder diffraction pattern with
characteristic signals substantially the same as those shown in Figure
10; j) nycophenol ate sodi um hydrate form C, having an X-ray powder
diffraction pattern with characBeristic signals substantially the sane
as those shown in Figure 12.

h) mycophenolic acid;

crystal system: friclinic

space group: P-1
7.342
9.552
11.643
102.70 °
90.89 °
90.74 °
796.3
z 2

i) mycophenolate sodium hydrate form B;

< =TT g2 o T

having an X-ray powder diffraction pattern with characteristic signals
substantially the same as those shown in Figure 10;

j) mycophenolate sodium hydrate form C;
having an X-ray powder diffraction pattern with characteristic signals

substantially the same as those shown in Figure 12.



