Stdbl e crystal nodifications of DOPC The present invention

rel ates to crwslzpomapdid i cati ons of DOPC, to processes fosct/BRo09/003398
preparation thereof, and to the use thereof for the preparation 5of
phar maceuti cal conpositions. DOPC above and below refers to naturally
occurring 1, 2-di ol eoyl -sn-gl ycer o- 3- phosphocholine, also referred to
as 1, 2-di ol eoyl - sn-gl ycer o- 3- phosphat i dyl chol i ne,

(R). 2, 3- bi o( ol oyl oxy) pr opyta A PSRk RSRLIIIRT Bf RAPGhosphat e
1, 2-dioleoyl-L-a-lecithin or, (R -DOPC the non-naturally occurring

enantiomer th i3 H = SRk r Ao i
racemc (R S) %% éeggﬁdﬁ%%grn?%ﬁ}?%?%g}y%ﬁtrﬁéad@%%@g}g%%ﬁﬁgkﬂ\egg proc-
enanti omers. ©pses fqrithg ppeparation thereof, @ndda b ump direrecbior dias preparation

nunber s 94235- %5Fﬁaﬁ%ééﬂtiéhl @Qﬁpgﬁgg,%ﬁ?-_G (S form Liposones are

synthetic nultilayered vesicles (spherical in closed nenbranes)
conprising anbi philic substances, usually natural lipids, in which 30
bot h hydr ophi DQPEwistvermeishalan rofere s ApRRERL 66curing he aqueous

et o ot il PRI G 8BS ERNGe, Hiso RSEIBATSHET 1 MO the

1,2-dioleoyl-sn-glycero-3-phosphatidylcholine,

10 1,2-dioleoyl-sn-glycero-3-phosphorylcholine,

) (R)-2,3-bis(oleoyloxy)propyl-2-(trimethylammonio)ethy! phosphate,
v 1,2-dioleoyl-L_-a-lecithin or,

(R)-DOPC
the non-naturally occurring enantiomer thereof

15 2,3-dioleoyl-sn-glycerol-1-phosphocholine,
racemic (R,S)-DOPC, and other mixtures of the above-mentioned enantio-
mers.
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25
CAS numbers:  4235-95-4 (R form) and 84366-67-6 (S form)

Liposomes are synthetic multilayered vesicles (spherical in closed mem-
branes) comprising ambiphilic substances, usually natural lipids, in which

30 both hydrophilic substances can be encapsulated in the aqueous interior
and also lipophilic substances can be incorporated into the interior of the
lipid membrane.

They are employed, in particular, in cosmetics and in medicine, especially
35 in dermatology. In particular, vitamins, coenzymes, skin-protection agents



Théy are enployed, in particular, in cosnetics and in nedicine,
especi al |y 35wotspmadtred ogy. I n particular, vitam ns, COeRZHIERR09/003398
skin-protection agents WO 2009/ 146779PCIT4{ EP2009/ 003398 - 2 - and
sunscreens are enbedded here. Liposones dre generally applied
topically. However, |iposones are increasingly achieving further

i nportance in phar- 5maceutical technol ogy since parenteral

adm nistratio fo ]l %{F"ﬁ? iLfic organ di,strihut,i on
to be achi eve%nghséjrﬁsp%% Ee &¢ ivéeoedcszeéjrn%%%hgg%gpweﬁsaera eﬁef?@eqpip ied
di ssol ved for A®PIGRANY, US 2006/ 0067998 Al discl oses a nmethod in which

a colloidally encapsul ated fornul ati on which conprises curcumn or a
curcum n derivyative a]s active sybstance is adnm nistered for the
i

treatment or i PSEMesAedncigrsvaleachieyng Antherigpenrace dnghar-
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m croparticl etSEﬁgE 'e(‘?dﬁﬁﬁ/%ﬁc' i %@F‘Pe‘g&f@%@ag@ E%ﬁpﬁlee{eat 1 {fiee gctiye
DNA-, RNA- or cprmposinds ane e@seddi frdely, dissqopd foxes are obt ai ned.
Nanoparticles (nanoparts) are particles of approximately the sanme

size as 20 liposones, but which do not have a water phase, but
i nstead an oi IThpRalde 10640@%1998 Abdisdasestrmethed ivwhich altalipidally en-

particull@rly sups@biedi forhuldiBnSRaeReUhRises cafcuniReRY %EuﬁﬂPﬁéﬁv%%'
25aqueous, |ipid-like and surfactant-|ike conponents. ey have a
panticle Mcr gﬁrﬂ?bg‘? SHSS%Pse SR Nstersa mréﬁ%nf@atm@mtr@ ReepeRtinn of can-
Isyst ga:jn; c_(lj_rr]rpr cei ﬁiggelais@@ Sl.ﬁtaﬁéﬁ?m@lﬁtﬁﬂd doemsreR t%dth@ipﬁjaﬂﬁéeﬂi %Wdélo

i qui ds. e effect .in applications described apove
ot very map el Ae ol PolaiiabRere sk forprThe; -
nornal |y | ow §0MeBi hangpaBiplept ntropatielesciricopotyomganitdties foraieebdirbigies,

vacci ne3band BFO'&R&)OWrﬁ@ﬁ@r ma- ceuticals. I n addition, the
a

degradation of th ctrve conpounds in the body can be 35sl owed and a
sust ai ned-rel ease effect achieved in this way.

if DNA-, RNA- or proteins are included, lipoplexes are obtained.

Nanoparticles (nanoparts) are particles of approximately the same size as
liposomes, but which do not have a water phase, but instead an oil phase
or a solid core in their interior. They are particularly suitable for the encap-
sulation of lipophilic substances.

20

) Microemulsions are colloidally disperse, single-phase systems comprising
25 aqueous, lipid-like and surfactant-like components. They have a particle
size of 1-500 nm and behave in a similar way to liquids.

The solubilising effect in the applications described above is of very major
importance, in particular, in connection with the normally low-solubility

peptide-like active compounds, nucleotides, vaccines and other biopharma-
ceuticals.

30

In addition, the degradation of the active compounds in the body can be

, slowed and a sustained-release effect achieved in this way.
5



WO~ 2009/ 146779PCT/ EP2009/ 003398 - 3 - (R)-DOPC bel ongs to the class

of naturally we@cingad4sgo zwi tterioni c phosphochol i nes. Li paSoRE®09/003398
conprising zwitterionic lipids have a neufral surface, alone or

coitbi ned wi th ot her phosphocholines or other uncharged, |ipid-Ilike
conpounds. 5 However, the ability of DOPC-based |iposones and

| i popl exes to penetrate into cells and thus to transport the active

conpounds i nclydedhd into. t cel |l .interior (transfection) i
particularly k%?ﬁ%@t&@@@ﬁoltﬁ%g%%ﬁéj n@ﬁrghy 88%(%9&‘8%%’88@ FW"&P%S:
i n parti cul ar chalinesniLipasiopiatscorhpriging zyitteidnic Apide hava @i meutts] shrfabe,

| i popl exes copgy ’.eegﬁ.,l., LMel: fn.r(y Ished .
for exanple bﬁ.ft! ooO et %ﬁw?\ﬁ%tﬁge?gﬁ%a %’Pﬂbﬁgoﬂgﬁﬁéﬁgpﬁ@gﬁ%ﬁ&d
Institute (200 comgoundsg - 372. Al'l these properties al so nake
DOPC vefy interesting for cancer therapy. 15Due to these properti es,

it off th ibility.of jnisteri RNA, ( ti I
o R oL TS TRef e ) lriRprat
par Ie_n': er al dap‘pritt@: catls and thek® xtsperelhe dutye dobopd ur@%?n@!tadeggﬁ t‘r%dm into
ual i an SSi nt,s,. 20used.
Thos Yhare hitid & Bleddi il foR AT pRNRIS AN a5tk ST SRS often
reproduci bi | i €gmerisecbpegest linkhs, dn panjcuaraiiioniqlipds. Howeéverhapplications
compounds on gnAthe Apobla8eg BbHBE bksivi) drtfoERER a3y BRLARRS
adm ni st_ered ﬁ%r:eent erally, mcrobio o?l_ca npurrtres due to
pathogeni ¢ gel$HEh I rAIBPISaN300d 8t 8l dnhthe Jouraakottheidationel Seanger

avoi ded and chititiae (20082 30DOFED Lynst abl e at room tenperature and
is therefore difficult per se to prepare in acceptable purity so that

it is suitable for use for the preparation of a nedi canent
formul ation. B0thése pidperiigs alsowhalehDORT yen) ieteresiigifor adneat Serapieh

as, for18éxanp - [We) 20OP . '

very oxidati O'r?%gethgﬁ?%émp%t\}\evgf&@%gﬁ%g%gﬂﬁgﬂgﬂﬁﬁ‘ﬁs& r'%%%A’%NA

unsat ur at ed f @k e9nvasitignakbeyiosteticemchsiesrial POPRalEosoimgs.t oxicity. WO

2009/ 146779PCT/ EP2009/ 003398 - 4 - Suitable preparation and

purification thods are . required here. DOPCis, for exanple, in the
et gk

formof a |yopRAiGEAPPAICHBLRAEHIGEl apRiicaHaneMake edienasly yiderequire-
obt ai ned i n adeqtabbthguglality amd borigr sfahe dictile eohipounad wsidr didiints
20 used. Thus, there are very strict regulations regarding the preparation,
repraducibility of preparation and by-product profile of these compounds on
the part of the authorities. In the case of substances administered parenter-
ally, microbiological impurities due to pathogenic germs and endotoxins
_' ) 05 additionally have to be strictly avoided and controlied.

DOPC is unstable at room temperature and is therefore difficult per se to

prepare in acceptable purity so that it is suitable for use for the preparation
of a medicament formulation.

30 Like all lipids which carry oleic acid radicals, such as, for example, the
natural phospholipids POPC and DOPE, DOPC is very oxidation-sensitive,
However, the oxidation products of unsaturated fatty acid derivatives gen-
erally have high toxicity.

35



5The conventional methods for overcoming the instability, such as,

for exanple, we2mddisryoon of antioxidants in the form of pEORERNEY/AR398
or reduced L-glutathione, greatly restrict the general usability of
DOPC since interactions with the active conpounds |ater to be
enbedded cannot be excl uded. Conplete exclusion of oxygen during
preparation, storage and use is virtu- 10ally inpossible or can only

b hi eved wid k . Thus, th fact. !
Fecomends. t hetPYBLePPEalpr By etRmt RS e Fo R
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protection is a and storagé nust ace a
Bot h Iyghi | i sed and waxy DOPC have very hi gh anorphous contents.

Xt T omely hy o oRea o G I ot et 'C1 e
extrene roscopi ¢, and, del i gues. hi X y [
at normaly a%/gﬁ%ﬁ@?‘?éhﬁ&quﬁopfc}laé&%@% I&itB@?grr@pimmprqhormduced
iaddi ':1 i f)_n, \é\axy—mioae, grelajly bestdointtie rgﬁr%daly%sﬁhilﬁ# bf 'DClllF:CL’ Sin;?_:ﬁ_dmtel‘éd;e
ophili se A | | cu . i s s
il ng of A0S WS AN EMBRES 1 4o dpfteddariidntior Pl e
only di ag ose&omplptsuexalysion ef pxygarudedng preadnaﬁcm,esp:a’ageian}d wfe is(;linu—
anor pho DOP {har 1, S Physi Li pi ds
(2008) 137 ( ] FPGRIGE A B Gl bp ReR P ey AN o P
SI\F)gI ycer o- 3- phosphochol i ne (GPC). Roodsari et al., Journal
of-"Or

thga_ni C Shéms,tﬂh%e rh?ﬁ&&b}gur@ﬂgfﬂértall ?@cfmﬂ%%ﬁfjs%%ﬂ Hilked beH®ba!
syn esiIs O S reen romtri cero .
2009/ 146779P Y58ph B egcive yas ﬁér?g}?" 5 7 Oplyyataptess@ shelf ife of
synt hesi s andabegt 62 NERG. WEtteugbe amger shelf ifkobgudesteed dor waxy
crystal fbne rrgtcﬂjs'a Py i | OC ] St

2703) . 8807, I o oxidation @&%ﬁgﬁﬁ g‘%dfé’( %”% \‘gﬁ%@ *ﬁaﬁ*ﬁ%%%%take

| yophi | i sed DPACE @838P°@nd Kindl er in Bi ochem stry (1962), 1(3),
518-21, refer to waxy DOPC.

Both lyophilised and waxy DOPC have very high amorphous contents.

20 Besides its oxidatidation sensitivity, this amorphous DOPC is also
extremely hygroscopic and deliquesces within an extremely short time at
normal atmospheric humidity levels to give a greasy film. In addition, waxy
DOPC can only be comminuted with difficulty and, like lyophilised DOPC,

Y can only be weighed out with difficulty. This makes handling of this com-
25 pound much more difficult.

The literature only discloses various synthetic routes for the preparation of
amorphous DOPC:

30 Iichihara et al., Chemistry and Physics of Lipids (2005), 137 (1-2), 94-99,
outline the synthesis of DOPC from SN-glycero-3-phosphocholine (GPC).

Roodsari et al., Journal of Organic Chemistry (1999), 64(21), 7727-7737,

describe the total synthesis of DOPC starting from trityl glycerol.
35



Lekim Bi edermann and Ghyczy, DE 2647395, describe generically the

10puri ficati owedepsifersters by crystallisation, but the ,@%};2%99003398
crystallisation of DOPC is not described.. Racem ¢ DOPC ca

obtained fromracem c staffing material s hal ogously to the processes
described for the enantioners. 15 In addition, none of the many
publications gives a nelti ng poi nt for DOPC. The obj ect of the

present inventjon i re to I’OVI DOPC, i n hi urity, if
possi bl e in cM?ﬂyaqtﬁF L?t?l&aﬁpniap ?%P?‘@ﬁjse%’td gge Pﬁg%p%§éﬁ? appearad,
20tion is to pubrdrkdebirbasonpstatidewhsterial.l ong shel f |ife and good
handl i ng properties, so that it can be enployed for the preparation

of pharmaceutical fornulations. There is furthernore a strong need
for a reprodubPWiseetslodieehdaroistry (E983)e BA(31 830 70ans Bibtherfistryg1989),

DCPC whbeh capslz, S#1-8) Rohdton HRoMisABGPD al scal e. 25

Surprisingly, as now been flound through experinments that both
racem c and al so enantionerically pure, crystalline DOPC having high

cheni cal puri Bperand ¢edibt BrBioshamidtiyt(196ay) 1@3) s Neidrio %%yfmb
manner. The crystalline products obtained in this way are sta

avirtually unlimted tinme at roomtenperature under a protective
gas. Crystall LalenD(BilﬁdermairsanqbGiduzﬁdDEEQGaﬁSQanéSCrlbéfyﬂn@ﬂlcémﬂﬁ%

mat er i allQhavi her ef.ore sy

as constit uen?@'“‘?é%?ﬂs@ﬁ??%?%%%& g Aol B0 fG T ishioh S

mﬁﬁl canent fob 'WM@&G??QPCT/ EP2009/ 003398 - 6 - The present
ention accordl ngly relates to stable crystal nodifications of DOPC

enanti oners afy t.he en ntionmers, havi ng the sane
crystal form @'@mce?%%ﬁfawg FOre sR¢RiS faringenaieriglsyanalpt i ne
and partiall ygmel)‘ztcatﬁe meckesds dddeibelFuetir avtfiforiEgVi ously achi eved
purity of > 98% together with a never previously achieved stability

of > 99% based on the initial value, after storage for 12 nonths
wi th excl usi ol agditom, Imnmahamdamsmhieiaabnygimrmmﬁtﬂg soihtisr HOHC.
and after 18 nonths at 25C and 60%rel ati ve atnos-
The object of the present invention is therefore to provide DOPC in high
purity, if possible in crystalline form. A further object of the present inven-
20 tion is to provide this compound with a long shelf life and good handling
properties, so that it can be employed for the preparation of pharmaceutical
formulations. There is furthermore a strong need for a reproducible process
for the preparation of stable forms of DOPC which can be carried out on an
) industrial scale.

Surprisingly, it has now been found through experiments that both racemic

and also enantiomerically pure, crystalline DOPC having high chemical

purity and excellent stability can be obtained in a simple manner. The crys-

talline products obtained in this way are stable for a virtually unlimited time
30 at room temperature under a protective gas.

Crystalline DOPC is also produced as an easily handled loose material
having improved hygroscopicity.
35 They are therefore suitable as constituent of or starting material for the
preparation of medicament forms.



10pheric humdity (w thout addition of oxidation protection, in this

respect see Tah gypdhag77d1e DOPC crystal nodifications haVEP@TI@PﬁB%E&sgs
of less than 1 equivalent of water or solvent of crystallisation per

equi val ent of DOPC. Enantionerically pur'e5 POPC is, for exanple, in
the type | crystal nodification and exhibits nmedi umsharp bands in X
ray powder diffraction neasurenents (in this respect see Fig. 1 and
Table 2). Selegted 2 theta values for the various crystal o

modi fi cati ons rgpent igvenfion aqeprdinglyoretatgs ép stable ¢ivgind mpdifieations ad
with Cu Ka rad@PCaharBohgits addltheniRises opihd Sshntiofers Hasthk e

t hese val ues gﬁ/s %Icfcur if different instrunents or recordi ng nethods,
such as refle 5 8fMt r ansni ssi on, or capillary or wi ndow, are
selected, or if different recording conditions with respect to

tmosphe i ¢ hymid : L of t ystal o

T Po | o e S TREE PG bR B i TR bl st

evident in anf@m-hEgyhaie apevengreyiougheathievachaurity®f 3/ §8% Thgetmer with

ing point of GheevarryreabusiPAchietal iseasilit %fg'eg%%éé/ec?@ﬁ‘fﬁ% ﬁﬁ@%t&,
nodi f i ding to e

9). In additiop, the crystal at j ons accor di )

i nvention are?§®h8 %%e% 1%”‘95’3?3 Yith gxglusten o icatd6r and 76% plative
The crystal |( |F aem@;am@ﬂﬁ@mrditgrmmfcbﬁam@ngﬁamw aﬁc@eo%ﬁtééﬁ\fa SPhos-
m crosc . Xt Ur.es e Crys i ne ’C engnti oners,
such asfmfeor §§SH€%E%&§Y®%?EQW'8@ X ationyPrates Oﬂa'{?gn'tsﬁésgﬁ‘#egee
XR? spec;\lrO a. TabDle20DIMe4BOPIPCTAEPROAHIGABBhave a corftentoigsapiant i C
meell um r ot . Lhi s s ar ic
sol vents or mbgyﬂ?g%ﬁpmag%f(.ﬁﬁ%@g%?g |Sf(t:a[’rsé(ﬂ6ﬁ]n‘?eﬁau%ﬂ%§\fa§%r%c%rg@|5§e a

smal | proportion of protic solvents, such as, for exanple, water. In

exceptional cgpeftiode M@ﬂe@lﬂ ; td Vi P
present qgunder. suii(t)ab?fcg.wondi L %rﬁ@ ‘S%cg é’%ﬁ@%’l [ﬁﬁégﬁﬁi (gr#é_%@@dé%cna
be carri ed oui'oﬁé‘rng %We@ ediu arebangin % ray Bryeebdiffractiaumessirer

purifi tcalt : on. n@ny s(ialthisrrespﬁw@e@ﬁg{ f léﬂ&%l@@%-@é[ébt@a@ Meta valules_for
recrystal |l i sajon USye DAL LI a r e cr i ne
mat e?/i al . OSuﬁanﬁrgguggﬁéﬁ%kgﬁgogl’if{;o@ﬁpgs gf%%t E’r@Y %aﬁt{écg-l ﬁé and'2t? (lype
t et r ahydr of ur Bnmeasurgd with Gihidrrafliatian. Stightdiiaranees ef mdiviflvalmirels

t hyl t at L4 j |
uty! aggt at e O eoar RREsIngy AP ARIBhESIuIr AN STEeoRb Mcinoos,
car bona?e ands4cizas gefis@ionaritansgrissioncet eallarg os windmmearerssidgted, or if
i sobutyl ket odiferefetBibrdin B6 NN RitAN8spEdo AFREOMLA hEmiFY1HiSkn-

of perature prevail.

_“") Some of the erystal modifications have a very high crystalline content,
25 which is evident in an enthalpy of melting of greater than 48 J/g. The melt-
ing point of the crystal modifications is generally above 60°C (Fig. 9).

In addition, the crystal modifications according to the invention are pro-
duced as an easily handled loose material (Fig. 4). The crystalline charac-
30 ter and becomes clear under the polarising microscope (Fig. 8).
Mixtures of the crystalline DOPC enantiomers, such as, for example, crys-
talline racemate, may also have the same XRD spectra.
35 The invention furthermore relates to a process for the preparation of DOPC
crystal modifications, which is characterised in that DOPC is crystallised



met-hanol , et hanol, n-propanol, iso-propanol, n-butanol, isobutanol,
2-but anol, ternboz@aake778- met hyl - 1- but anol, et hyl ene gl ycopgr/ep2009/003398
net hoxyet hanol , et hoxyet hanol, 30The cry7st allisation of the DOPC

nodi fications is generally carried out spe- cifically by slow cooling
of the prepared solution to tenperatures bel ow 30C. The crystals form
ei t her spontaneously or through inoculation with the correspondi ng

DOPC | L ' 2 779P P20 9/ 003

| at edcg¥§/g?al Wh bc%ﬁ Pﬁ%rrpse r&n gg%@iﬁ '@r’}%qg FACEHSS o‘r‘s%&%{f&*ﬁawow
stirring of t %@ apsetiperivetaor andieres theseal. Theatgrotic mmmumalsahe
use of anor phgensePakiiaaldp &J’tt%ﬁto@k))%t&es%g f‘%.xec}te?g tfbpgxeﬂﬁé Waalltsfr

for 5the rech talllsatlon in cess I'Ves ess

crystalljne EXRERGNR! &3ﬁ%‘-§/e?r5°f|b¥\)’i’%@ﬁ®fl%@ﬂ¢ éQ'é@nﬁ?lmBY ?'&@@%PF@%’E

with a rever rnmel\ereuﬁéb‘lemhdmbﬂé Fhea b stéINsata'Blﬂebf'WPG%éHIb?béﬂled out
ion

| at to th DOP: -
e canent.  od g SPONCTOR fledeBryt Spkiie witeet PEY Raiiepl en Cagialine
bility in sol iHOPGraanitdsvise be optaired bgndctystaitsatiod of aRtdrpRbuPANAIRY
good quality gﬁg}ﬂﬁnglo%%lté%éj X %ﬁéll cted period. The invention

consequently ernore "also re €s ' to the pharnaceuti cal
15conpositions resulting fromthe use of the DOPC forns cl ai ned.

These cdfl be. SifanRxaumeki solvinidre gfamt;uiarposones | i popl exes,
m cr oemnul si ons ansg$ 3 artlc es an rise, for exanple, an active

conpound f r o ot gxarpalss i de?trahwércéutarua&thwl hygsofaran

cyt'ostatics. 20The present descripti ona@@gm)@ﬁet he person skilled in

the art to us enti.on in its ful Even t hout further

comments, it ?g’{e?ﬁeé% i QAR hat GWNEF%'EV%%HT@W%%&‘T% efthd ager

will be abI e to utilise the above desclatptpropyli atetdte, Isbpﬁﬂg&bcéwe

The predént description consequent |y e‘??(g

the art to use and carry out the inven Lgﬁ?er%g{ét'é%ﬁ%fsa@% tﬁyl
carbonate, diethyl carbanate and 1,3
dioxolidin-2-one,

ketones, such as, for example, acetone, 2-butanone, methyl isobutyl
ketone, methy! isopropyl ketone, and
20 nitriles, such as, for example, acetonitrile.

Protic solvent additions typically consist of

alcohols, such as, for example, methanol, ethanol, n-propanol, iso-propa-
D nol, n-butanol, isobutanol, 2-butanal, tert-
" butanol, 3-methyl-1-butanol, ethylene giy-

col, methoxyethanol, ethoxyethanol,
water

or mixtures thereof.

30 The crystallisation of the DOPC modifications is generally carried out spe-
cifically by slow cooling of the prepared solution to temperatures below
30°C. The crystals form either spontaneously or through incculation with
the corresponding DOPC crystal modification.

35

The various DOPC crystal modifications can be converted into one another.
The conversions can be achieved by temperature treatments of the iso-



In-the case of any lack of clarity, it goes w thout saying that the
publ i cations echopaisers |iterature cited should be utili gee/EpP2009/003398
Accordi ngly, these docunents 30are regar_g}ed as part of the disclosure
cohtent of the present description. For Detter understanding and in
order to illustrate the invention, exanples are given bel ow which are
wi thin the scope of protection of the present invention. These

I I bl t
Ty el A K b8 P e Bl Y W o
35exanpl es arﬁwrosuwsaiﬁlsmm crystaitsatipnt denciftoze of protection of
the pre- sent application to these alone. WO

2009/ 146779PC]/ EP2009/ 003398 - 9 - The tenperatures given in the
exanpl es and dB8MseAfiBRORAGUS 9T PREIAY ryaialine DPREES starting roatesiad for

i ndi cat &d ot hﬂTeMe%Wstﬁlﬁ@éﬁﬁﬂmqaé%r@éé?ss%é‘s%ﬁbbﬂ é&yeé%%hﬂéﬂy c@bfanme
furthernore 9p thout sa

in ers
that | both i nORR ading = B&YetidavBuaha iRV i e Ko ghEshh Gy g pre-
descri ption, Vibaslg/cnqhmmaﬁs’famtynts present in the compositions always
only add up to 100% by weight or 100 nol % based on the conposition
as a whol e, and cannot exceed this, even if higher values could arise
fromthe per ¢BatnveEntionEIso relaiesdodie uskIcsstystaltine BIQRC domtbrvpreparad

i S‘O?Lﬁi’%aity’“mgme“‘d%@%mﬁ“v%@éﬁé} P bosRRERGhS B3 SEerHtst-
Exgnpl es for 6! livustsohdlifern sndenthy given cradilienampreonstany endivears gepdn
of-"(R) - DOPC 5quality over a virtually unrestricted period.

The invention consequently furthermore also relates to the pharmaceutical

15 compositions resulting from the use of the DOPC forms claimed. These
can be, for example, in the form of liposomes, lipoplexes, microemulsions
and nanoparticies and comprise, for example, an active compound from
the group of the peptides, nucleotides, vaccines and cytostatics.

20 The present description enables the person skilled in the art to use the
invention in its full scope. Even without further comments, it is therefore
assumed that the person skilled in the art will be able to utilise the above
description in the broadest scope. The present description consequently

) enabies the person skilled in the art to use and carry out the invention in its
- 25 full scope.

In the case of any lack of clarity, it goes without saying that the publications
and patent literature cited should be utilised. Accordingly, these documents
are regarded as part of the disclosure content of the present description.

30
For better understanding and in order to illustrate the invention, examples
are given below which are within the scope of protection of the present
invention. These examples also serve to illustrate possible variants. Owing
to the general validity of the inventive principle described, however, the

35

examples are not suitable for reducing the scope of protection of the pre-
sent application to these alone.



200 g of anorphous (R)-DOPC are dissolved in 1700 ml of acetonitrile
at 25C. The s&loltdoomsdys cooled to -10C at 0.1C min. Crystadti:bAbdE3308
commences at 10C. When crystallisation isgcorrpl ete, the product is
isolated by filtration and dried in vacuo: The yield of crystalline
(R-DOPCis 180 g 10(90% . The crystal nodifications (R S)- and
(S)-DOPC can be obtained in the sanme way. 15Exanple |la

Recrystallisa | acetate 20.0 g of DOPC are | .
di ssol ved in Fé‘%r}ﬁ&p(ﬁ?c@{%?/gwg@ B{eeexdqmg%é_anﬁﬁgegcg\pﬁpp&qdi|g%{3%8|aé@s
rapidly to 20@raa&vayseln “Co Urnless imdicatedtihenivise, 0dtient data2frediivemin %
whi ch crystal Ibg !19 commences. The crystallisate is filtered off
and dried at r enperature in vacuo. The yield is 19.6 g of
crystalline DOPC (98 1% of theory). At a heating rate of 5C/ mn, the

duct Sexhi b f
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of crystallind a"f‘H'@SQB‘{%"c ah @§0dﬂéh%f%méme6@ét%¢ewrmon the
conparative saopipeheat aRlnan r&@%& inethatdorp duiibris alR@yk byl ap télOC

and 75%rel ati u5|on of ,air. The, residua on
o oone | o o BBy Wtk ot oAb SaSh e PovaPbSins Hsahels it
the initial vaRoeot @maeﬂyth@ndvemftmgherofaltm?ﬁbtad@rﬂetfmmﬁhtEdebyexﬂlPLC
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of ~type |
relative % bywieig@bisgr7onumi dity Area-% 0 100.0 100.0 100.Q-p8%06b/033398
100.9 100.0 100.0 99.9 6 99.3 100.0 98. 4189 8 9
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crystalline humdity Area-% (R -DOPC 40C / 75%

Examples for illustration of the invention

Example 1
Crystallisation of (R}-DOPC

200 g of amorphous (R)-DOPC are dissolved in 1700 ml of acetonitrile at
25°C. The solution is cooled to -10°C at 0.1°C/min. Crystallisation com-
mences at 10°C. When crystallisation is complete, the product is isolated
by filtration and dried in vacuo. The yield of crystalline (R)-DOPC is 180 g
(90%).

The crystal modifications (R,S)- and (S)-DOPC can be obtained in the
same way.

Example 1a
Recrystallisation of DOPC from ethyl acetate

20.0 g of DOPC are dissolved in 100 ml of ethyl acetate at 35°C. The solu-
tion is cooled rapidly to 20°C and then to -10°C at a rate of 0.01°C/min,
during which crystallisation commences. The crystallisate is filtered off and
dried at room temperature in vacuo. The yield is 19.6 g of crystalline DOPC
(98.1% of theory). At a heating rate of 5°C/min, the product exhibits a melt-
ing point of 71°C and an enthalpy of melting of 49.4 J/g.

Example 2
Stabilities

In order to determine the stability of crystalline DOPC, the substances are
stored together with comparative samples at 25°C and 80% relative humid-
ity and at 40°C and 75% relative humidity with exclusion of air. The residual
content of DOPC is measured at periodic intervals and indicated compared
with the initial value.

Purity and content of DOPC are determined by HPLC.
For the type | crystal modification, the following values were found:



100.8 100.0 99.8 99.8 12 100.4 99.7 99.5 99.7 18 100.6 99.8 -
Exanmpl e 3 X-r a0 Revigeredi ffraction patterns In order to GhaygShidosHs
the DOPC crystal nodifications, X-ray powder diffraction patterns
(XRD di ffraction spectra) of these substiances are recorded. For
conparati ve purposes, X-ray powder diffraction patterns (XRD
diffraction spectra) of |yophilised and waxy DOPC variants are al so
recorded. For tx e, | DOPC crystal nodifications, relatively
high-resolutigﬁ—g%@ctra wi th medi um sharp bands are obtai ned for

| i pids. The spectra indicate high crystalline contents. No anorphous

conponents arge visible urder the ggalbem)fyscl)p%prg lc&&ggaqﬁgé (R)-DOPC
Storage time
o in months | 25°C / 60% relative humidity | 40°C / 75% relative humidity
% by weight Area-% % by weight Area-%
0 100.0 100.0 100.0 100.0
10
9 3 100.9 100.0 100.0 99.9
A
6 99.3 100.0 98.4 99.8
15
9 100.8 100.0 90.8 99.8
12 100.4 90.7 98.5 99.7
18 100.86 90.8 - -
20
_ Example 3
) o5 X-ray powder diffraction patterns
In order to characterise the DOPC crystal modifications, X-ray powder dif-
fraction patterns (XRD diffraction specira) of these substances are
recorded. For comparative purposes, X-ray powder diffraction patterns
30 (XRD diffraction spectra) of lyophilised and waxy DOPC variants are also
recorded.
For type | DOPC crystal madifications, relatively high-resolution spectra
with medium-sharp bands are obtained for lipids. The spectra indicate high
35 crystalline contents. No amorphous components are visible under the

polarising microscope.



WD"2009/146779PCT/ E P2009/ 003398 - 12 - An illustrative spectrum can
be seen in Fi gvodoobtiygres | ). For conparison, spectra of copaEkfioadhdszos
avai |l abl e, anorphous sanples are |ikew sggr ecorded under anal ogous

condi tions and shown as Fig. 2 (lyophili

d) and Fig. 3 (waxy). Table

2 lists selected 2 theta values for the type | DOPC crystal

nodi fication:
3.6, 5.3, 7.1,
21.1, 21.7, 2
crystal ITDdIf

Tabl e 2: Type Selected 2 theta val ues Typel! (R) DOPC
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Table 2 lists selected 2 theta values for the type | DOPC crystal modifica-
tion:

Table 2:
Type Selected 2 theta values
Type | (R)-DOPC 3.6,5.3,7.1,88, 11.0, 12.3,
15.3, 17.6, 18.3, 19.3, 20.4,
21.1,21.7,22.8 and 26 .4
Example 4

Modifications

Type | DOPC crystal modifications are produced as granular loose material
(Fig. 4), while commercial DOPC samples are obtained either as lyophiii-
sate or as waxy lumps (Fig. 5).

Under the polarising microscope, the type 1 DOPC crystal modification is
clearly evident as crystalline material (Fig. 6), while the lyophilised (Fig. 7)
and waxy comparative materials (Fig. 8) appear amorphous.

Example 5
Melting behaviour

Differential scanning calorimetry (DSC) measurements likewise show clear
differences for the type 1 DOPC crystal modification (Fig. 9) and the lyophi-
lised (Fig. 10) and waxy comparative material (Fig. 11).



Under the polarising mcroscope, the type! DOPC crystal nodification
is clearly evident as crystalline material (Fig. 6), while the

| yophilised (Fig. 7) and waxy conparative materials (Fig. 8) appear
anor phous. Exanple 5 Melting behavi our Di1fferenti al scanning
calorinmetry (DSC) measurenents |ikew se "Sow cl ear differences for
the type 1 DOPC crystal nodification (Fig. 9) and the |yophilised
(Fig. 10) and waxy conparative material (Fig. 11). -13- PATENT

CLAIMS 1. Crystalline (R S)-, (Rp ) ' ystalline (R)-
or (S)-DOPC. 3. Mxtures of cr yst%ﬂ ?ns ngEa%Z%grﬁt alline
(S)-DOPC. 4. Crystalline (R -DOPC. 5. Crystalline (R - or (S)-DOPC
accordi ng to d di m @nysdalling (RiS)e, (B)- tdre (8)-DIoR@ val ues 3.6, 5.3, 7.1,
8.8, 11.0, 12.3, 15.3, 17.6, 18.3, 19,3, 20.4, 21.1, 21.7, 22.8 and

26.4. 6. @ystaklin i O S) - ording to Claim2 having 2
theta val ues of b3. 66%%gmel§?g&ﬁ£§%§§%21 7. 7. Oystalline (R - or
(S)-DOPC according to Claim2 having 2 theta values of 3.6, 5.3, 7.1,

12.3, 17.6, 18.3, 19hduredbfbrystalli . i tgbpde (R)- or
(S)-DOPC according to Claim 9hav'ﬁ%3nz é;rgdec ?%‘A’{”agb@r@fﬁo Fig. 1
(type I') 9. Crystalline (R- or (S)-DOPC according to one or nore of

Claims 1 to 8 héwvi rgrvatating (RgDpRGt of greater than 60C and an
enthal py 40 nelting of greater than 48 10. Process for the

preparation of gry I di fi.catio 0 R S)-, (R)30or (S)-DOPC,
charact eri sed i$\' tﬁ% S‘%ec@ét% I@S'&Qé%& geeopgipg ite £laim 2thavingolike or
more aprotic sol verfifdhe 2iheter walues 3tair5.812 1p8 Span a, 110 of 5 g1 Y &al

nodi fications of (Rg3-19.8R04 211 2 ) C according to
Cl ai m 10, characterised in that thé gS%’p%%%?éﬁs%‘v'ent enpl oyed is an

et her, pr%er ably tetrahydrofuran, nethyltetrahydrofuran or di oxane.
6. Crystalline (R)- or ($)-DOPC according to Claim 2 having 2

theta values of 3.6, 5.3, 18.3, 19.3 and 21.7.

7. Crystalline (R)- or (S)-DOPGC according to Claim 2 having 2
theta values of 3.6, 5.3, 7.1, 12.3, 17.6, 18.3, 19.3, 211,217
20 and 22.8.

8. Crystalline (R)- or (S)-DOPC according to Claim 2 having a
spectrim according to Fig. 1 (type 1)

25 9. Cry.stalline (R)- or (8)-DOPC according to one or more of
Claims 1 to 8 having a melting point of greater than 60°C and an

enthalpy of melting of greater than 48 Jig.

10. Process for the preparation of crystal modifications of (R,S)-, (R)-

30 or (8)-DOPC, characterised in that the crystallisation is carried
out from one or more aprotic solvents.
11.  Process for the preparation of crystal modifications of (R,S)-, (R)-
25 or (S)-DOPC according to Claim 10, characterised in that the

aprotic solvent employed is an ether, preferably tetrahydrofuran,
methyltetrahydrofuran or dioxane.




-14- Process for the preparation of crystal nodifications of
(RS-, (R- or (S)-DOPC according to Claim 10, characterised in that
the aprotic solvent enployed is a ketone, preferably acetone, 2-buta-
S5none, nethyl isobutyl ketone or nethyl _kgqpropyl ketone. Process for
the preparation of crystal nodifications of (R S)-, (R- or (S)-DOPC
according to Caim10, characterised in that the aprotic sol vent
enployed is a nitrile, preferably acetonitrile. 10Process for the

pr epagI ation og 'J:Eyd?rallceasmrfthearemmt[oh of BryStal, moMfications ¢, PR
according to C ai m 3o, (%) tpowet g&&&eﬁw@@%ﬁ% @ﬁhﬁ%@%@ '}ﬁﬁéﬁ el

enpl oyed is an ester s Iecl&ed fro

acetate, ethyl acet3R'8UCSPYEDESRP ygfjés q @Bﬁ%p‘gfﬁfqg%’eﬂ@ﬁ@e bl:byia—

acetate, isobutyl mmthwummtyl ketanbanahethydsepropl| kkstbhenat e and
1, 3-di oxoi5| din-2-one, or mxtures thereof. Process according to one
haracter- ised in that an aprotic nedi um

or nore of Clalﬁ? JFQ 0 ? g

is used in a ni KurdOfPEhiding prerargtng of sarsialraedifieaiansief (R Sip(R)-
WEL hanoli et hanolb or PP accrdingrtop@laih 100 chatzataised isahat @eol |
2- butanol, tert- t

met onyet hanol ang ﬁ%&?é’? Eﬁéé‘?ﬁbmﬁ d?né.’%f}ﬂﬂg% @%ﬁ%%%lp%ﬁrﬁ@&s
accordi ng bo Claim 10, characterised in that the crystalli- sati on S
carried olt dirbkt IFirof:esmfctrhlee pespEdration 9f botstal madifiCstidnsnei (& S)-

puri ficati on. p@c§6€o¢améthcc D, araf g&t@r ggtetﬂe

that a recrystalli- hous ~or

or (S)-DOPC is carﬂ S?ﬂtﬂ‘fen el!]%‘é'%? 9@@§Tefrﬁ9@ﬁ0¢$d:ﬁt3ﬁbiﬁi§ QTDUPI%fol-
(R- or (S)-DOPC, #bmwnatepmedinyiavetdteyeihyl acetatd, wrepybachtads Nebptdpy ds,
as constituent for gchge SR Addiafe @oﬂiﬁﬂ'a&%@@t &imetRyl carbonate,

15 diethyl carbonate and 1,3-dioxolidin-2-one, or mixtures thereof,

15. Process according to one or more of Claims 10 to 14, character-
fsed in that an aprotic medium is used in a mixture with an alco-
hol selected from the group methanol, ethanol, n-propanol, iso-

20 propanol, n-butanol, isobutanol, 2-butanol, tert-butanol, 3-methyl-

1-butanol, ethylene glycol, methoxyethanol and ethoxyethanol, or
mixtures thereof.

16. Process according to Claim 10, characterised in that the crystaiii-
25 sation is carried out directly from the reaction solution without
prior purification.

17. Process according to Claim 10, characterised in that a recrystalli-
sation of amorphous or crystalline (R,S)-, (R)- or (8)-DOPC is
30 carried out,

18. Use of crystal modifications of (R,8)-, (R)- or (3)-DOPC, alone or
optionally in a mixture with other lipids, as constituent for the

5 preparation of medicaments.
5




-15- 19. Pharnmaceutical conposition conprising crystal nodifications

of (RS-, (R- or (S)-DOPC, alone or in a mxture or optionally

together with pharmaceutical active conpounds, assistants or a

sol vent. 20. Pharmaceutical conposition _g%n_pri sing crystal

~nodi fications of (R S)-, (R- or (S)-DOPC according to Caim 19,
characterised in that the pharmaceutical active conpound enployed is

an active corrpoggd sel ected fromthe group of the peptides,

nucl eoti des, vad®i nEbaanacanticabt@hpositio’d bonfRinpesstd] fldifmRasids on

conprising crystal W irgat Ken gg - - of. (S)-DOPC

%) 2 IQS? b[; eﬁ)s egbi%ri s‘%%{? gﬁn %Hﬁﬁﬁ{"f‘% 25PN e,

according to Caim/19, ,%c i T
|i popl exes, nanopar COSHEE Vi pharmacemiicsl aniye compagidspassistants or a

solvent.
5
20. Pharmaceutical composition comprising crystal modifications of
(R.S)- (R)- or (8)-DOPC according to Claim 19, characterised
in that the pharmaceutical active compound employed is an
active compound selected from the group of the peptides,
10 nucleotides, vaccines and cytostatics.
21. Pharmaceutical composition comprising crystal modifications of
(R,S)- (R)- Or (8)-DOPC according to Claim 19, characterised
in that it comprises liposomes, lipoplexes, nanoparticles or micro-
15 emulsions.
20
25
30

35



