St abl e crystal nodifications of DOPC The present invention
relates to cr ications of DOPC, to processes fo

preparation tﬁ@#%@ (gh% to the use thereof for the prepaﬁ%@?gﬁmggpxm
phar maceut i cal conp03|t|ons 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,

101, 2 di ol eoyl -sn- gl ycer o- 3- phosphor yl chol i ne,

(R) -2, 3-bi s(ol eoyl oxy) pr opydtablg Sryatelmchﬂmwmafmpghosphate

1, 2- d|oleoyl L- a- IeC|th|n or, (R) DOPC the non-naturally occurring
enant i oner thﬁreof 152, dloleo sn-gl ycerol - 1- phosphochol i ne,

racenic (R S)- B@j@esﬁﬂh'nlﬂ?'ﬁé? X@J@Eﬁ‘é§ﬁf§ﬁa|tm@d'§6%m@srﬁr|?©8§edo proc-
enantioners. ess€d4siAHdpBELMAtIEE BhdrdoR aridAo thanikerthertdd forthedbrefaration

form amd 843 somes are synthetic multilayered
vesi cl es (sphg’?ngrrgﬁée%tlcgig%“ﬁggﬁpgﬁes) conprising anbiphilic
subst ances, usually natural lipids, in which 30 both hydrophilic

substances capdeceirARPhady 11t ANRANS abtgRpor and al so

l'i pophilic subst ances can Incorporate nterior of the
lipid menbrand,2 'dm%d@@fgwﬁmg'??mmwl%%% refepred tar@$ sunscreens

are enbedded hez- Glolécbyﬂ%%og’l?c%réfﬁ asmaiidwh%nﬁél ed topically.

Eﬁ:/rever 10 po%%lsolé’:‘cgﬁ sn- gggearglé]ghgs& I%Koﬂge further inportance in

D) (R)-2,3-bis(oleoyloxy}propyl-2-(trimethylammonio)ethyl phosphate,
- 1,2-dioleoyl-_-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.

l, i —
20 /T\/\O,F"\O/TO—U\/\/\/\/—\/\/\/\/

—) C44H34N03P' MW 786.11
25

CAS numbers:  4235-95-4 (R form) and 84366-67-6 (S form)

Liposomes are synthetic muitilayered 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



maeeuti cal technol ogy since parenteral admnistration of |iposones
enabl es nore $ResIodASe7Rr 9an distribution to be achieved t@EH{)O&/E@B%
active conpounds are used in freely dissolved form Thus

2006/ 0067998 Al discl oses a method in wiieh a col | oi dal | y en-

10capsul ated formul ati on whi ch conprises curcumn or a curcumn
derivative as active substance is adm nistered for the treatnent or
prevention of ncer di seases. Suitaple fornul ati ons conprise bot h

| i pi d- based c8(‘80‘%%&@%%&@@?@%%@%0HH%PF@S&{PMW@@ ST

such as, for ¢x@oplye, |iposones, nanoparticles, mcroparticles or
copolynmer mcelles formed from 15bl ock polyners. If DNA-, RNA- or
proteins are included, |ipoplexes are obtained. Nanoparticles

(nanoparts) at®vwever|ldosonss aipinaxasiighl gchieng dnntheri imgoaan2e in phar-

l'i posomss, buﬁn Lﬁlﬂaﬂ%cﬂﬁﬁlopf%ﬁc% ﬁéﬂe@'ﬁﬁﬁmﬁl‘éﬁloh@ﬁ[ﬁ? rﬁ@so' !

phase or a so core I n artic
suitabl e for €AaPEsIAPELSREGTMOGEN digl bhtlwntobatﬁ@hmédéhan 7 the active

M croenul si ongoafpupdkl9é @@b&n(n fleERAtiSSolved fithe- phase systens
conpri sing 25aqueous, |ipid-like and surfactant-like conponents. They

have a particle size of 1- 500 nm and behave in a simlar way to
l'iquids. The émuabuamowmm'mmrmusdmamoknem@d WWhmﬁsa:éommialwe

nor mai 1y ow. SarenERR (G RtohAEh hftiRbr sl BT AT Nt sl iae

&Gfl nes and @stastiveisubslange-s aélmmmster@d farthadigiatnent ot prevesiipradacamn
of

cust ai nod 1 of oeaeenres S MAREIRIFR ARy e Based coloidal

2009/ 146779PCSYEHPI0MNDBlsegElymeric Cpﬂ@)td@i@y@tqm$ OHHPH as fomexamples liee-

natural |y occubme@gnaﬁ@pért.@lbsomu@ropaﬁ@@%%w;idmer rhidéﬂé@*ﬂ@@ned from
conpri shrg Z%B}C%“ QoL g | i pi ds have a neutral surface, al one or

conbined with 8 hochol i nes or other uncharged, lipid-Iike
conpounds. 5 However, the ability of DOPC- based | i posonmes and

Do ehes, ol MIRRL KR P IEEk s A U TR R B, ot

particularly inportant. Such I | posones often conprise charged |ipids,

in particular N%@leamc%é rié'n@?artgpéﬁ%cgérncl@@@f'aP?Fd)ﬁrﬂétéggHﬁe Whehizdss
|i popl exgs copsi s sive have a

iposomes, 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.

) 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.
35



| i shed, for exanple by Sood et al. in the Journal of the National

Cancer |Instituw®dodPi8)e 100, 359 - 372. Al these prppekbi®Soossos
al so nmake DOPC very Interesting for cancer therapy. 15Due to these

proeperties, it offers the possibility of adm nistering RNA, DNA or
conventional cytostatics included in DOPC |iposones. Medical, in
particul ar parenteral applications nmake extrenely high requirenents

of the quality ri of the active conpounds and assi stants
20used. Thus, (Bﬂ@?ﬁ‘grb@t' todpeiceass Aqatualiy RecHegs aviigrionis phospho-

pL eparati on, R:hphr@éh!ﬁ.ii;ﬁtiédnﬁe‘s obm rigingrzﬁﬁﬂt@n;ra@dpilas-r@?{@@ﬁéutpél]g@‘uda@epf
t hese conpounds_on the part of the authorities. In the case of, . .

Subst ances adiaespanBREHain PR PHoReieisiaes o clter g dPiste
t o pat hogeni c liggcospmuddendot oxi ns additionally have to be strictly
avoi ded5and controlled. 25 DOPC is unstable at roomtenperature and

is therefore difficult per _se to Igrepare in acceptable purity so that
it is suitabl Eowaveisiaerability pé DRedaseddipospmesmang inapenes fo penetrate

for ”}“ ation. fiﬂbidéﬁs ahb thh@F@ﬁﬁﬁ%(ﬂ{‘}rf@é%ﬂvegécﬁh&ﬁo@gdsdinb%ie%%@%herﬁqﬁfb
Very oxi aati O eRb PR (rRpaBEBRN) BinstUsk AR FORCEATIREEY iggsomes often
;8 3 S; li 2 gtb (738 Pf abmpriei c;ﬂmad@d ligitls Viapagndantdtiorhaisidsi igbwe o, @pplicatio®
- = on and .
purificati on%ﬁﬁ%&%ﬁgﬁg%ﬁ%%ﬁﬁrcégsﬁggg&{j}%@é%@@F Qﬁ%\&aﬁﬁggeanp lfbﬁe
for)m of a | yofished Sar exampleay Seollied ahrinl théndoefnat of therNatidnal kancer
obtzai ned in aﬂgﬁﬂ%e(zgggj,iﬁob akph gyeat difficulty industrially. 5The
met hods f '

conventi onal or’’ovefcomng the instability, such as, for
exanpl e, the addition of antioxidants in the form of tocopherol or

reduced L- gl upattheed prof@ired hisolrBaké DOPEC Rerg piieialing faHidricky tifrapPPC
si nce |r115eracﬁj on%twlth theeé_?ctl.ve cogﬁounds. | @]eé t 0. he enbgﬁggd A
cannot be excPi§ed NSRBI USSR dt QS5 NS PSR IPYRY OhafTiNysisriag i BN
st orage and usecosveritional cyidatatigs imghaded vl BOSC tiposaondéy. be achi eved
with very great effort. Thus, the manufacturer generally reconmends

that |yophilised DOPC be stored under a protective gas at -20C and
onl y guar ant ededicajnial garficylar paremteral applicationasnala extoergalyahiglmeayire-

Shces, i o AR SO IO PIFRC bt SO
and waxy DOPCUAGTe! W JNBlETCMRRY SHish seq iRt iegarding the preparation,
reproducibility 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
N additionally have to be strictly avoided and controlied.
25
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



20Besi des its oxidatidation sensitivity, this anorphous DOPC is al so

extrenely hygmasgmphss7end del i quesces within an extrenel ypShfpiood/hd¥8os
at normal atnospheric humdity levels to %I ve a greasy film 1In
e

addi ti on, waxy DOPC can only be conm nut with difficulty and, 1ike
| yophi li sed DOPC, can only be weighed out with difficulty. This makes
handl i ng of this com 25pound nuch nore difficult. The literature

oy phous. DoPCUTBBlCHoREa ik e PURSERR I Py s FTeRpaT i Brret DRRE i
(Sﬁl_ool5) cerlg73( for2gxaragle9d thedotm o atihepts:}rsﬁthmwmngsdﬁ(ﬂ%ﬁdfther?fore can
O gant o Cnem ST, B¢ DBBENSd B didate B35 3 SlocklarmptRihBA Bl

synt hesis of DOPC starting fromtrityl glycerol. WO
2009/ 145779PCWhEPt?CQQI%QQ§éﬂ9rﬁemo§s"for &@é’fﬁoﬁﬁﬂbefheqHQfa'bﬂ@ 'éﬂl‘&ﬁ fnfghe

synthesis and u but® none descr’ib

se appear e
crystalline n&?‘@mpi? tEG;dd't'O”L‘@c\/é)’&Oétdaélis In tgﬁ(feﬁ@,quqqqph@[@g:g)reduced
27(3), 880-7, Lagidta%hmbegneﬁtuyyeétmaﬁt% g%%aémsab'ﬂﬂyloﬁoomgmceqnterac-

I hi | d Ki ndl t 3

L9801 220, DEhs S S P LR A e b S

descri be genefGarapleie exaudiopwf okygat donng prepRCaton, exterage and use is virtu-
t al s at ; i t

desor | bed. - RachHResIe & LRip G} bEiakiAd o) VAR, ealEllons 1"

nmateri al s anal ogously to the processes described for the enantioners.
15)I n addi ti omhugofe ®hntiRRtBMYeRERIIV <Péédrﬁﬁﬁenﬁb\{ﬁ§t |90|5'Fﬁh§éd1lcnm 'Ebb

o R anC sEiR R} aliSidhve San ot UL bhd by icascs s e 51
ob{ §ﬁt Ofu;e ltPeapoa‘s:ztrnomhemstmmglm|or&geﬁ~ehelfofe @egda{nﬁste@drfpggﬁdywth
gnpl ogeg for phe préﬁgggﬁ%gﬂﬂﬁeﬁﬂgp ﬁ%@gﬁétﬁ caj] ‘?@%’ﬁﬁ %&‘F’EW& w'?ﬂg?ﬁ‘ee is
furthernore ap®oecndig2AEed for a reproduci bl e process for the

preparation of stable forns of DOPC which can be carried out on an

i ndustri al SC%| e. . i
oth 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 difficuity 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 Ichihara 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



25-Surprisingly, it has now been found through experinments that both
racem c and ahgpr@hyastioonerically pure, crystalline DOPC fiapkp@oddddivs
chem cal purity and excellent stability ?n be obtained in a sinple
marner. The crystalline products obtained®in this way are stable for
avirtually unlimted tinme 30at roomtenperature under a protective
gas. Crystalline DOPC is al so produced as an easily handl ed | oose

mat eri al havi i oved, hygroscopjcity, 35They are_therefore

suitabl e as C%W?[b@ﬁ?u%lfe/agp@lo&tb?ﬁé{xﬁ’ﬁs@r?%‘{U?%Pf PP B hevsappegred.,
of nmedi canent blibnose de¥EIiRG0O#HAHEIReHEP2009/ 003398 - 6 - The
present invention accordingly relates to stable crystal nodifications

of DOPC enantioners and to m xtures of the enantioners having the
sane crystal fewiaetalhdischamistryr(§883), 27(3)| BBA &t imodBioamerbistiyr(1989),

crystal bine a aEh j; f They have a never
Lol aoEREME st ARG RRAISOP Ty Fave o e

previ ously achi eved pur Wi th a never previously
achieved stability of > 99% based on the initial value, after

storage for 1BagpahbKindehireBRICHS RSO 19@9?, AB),416- 200l %o VP8t DOPC.
atnospheric humdity and after 18 nonths at 25C and 60%rel ative

at nos- 10pheric humdity (w thout addition of oxidation protection,
i n this respetekisedBigdéinearl) and Ghyio@POEr&GI7305modsdri ergrialipvee a

content 10f | ess.t -V t [ I . s
crystal |1 sati @Eﬂgi%“gé?ﬁ% A e PR Ranah, SRAPEeRyt puyptaisasen of
i s+ for exanpP&OPEs pakdesgibed. crystal nodifica- 15tion and exhibits
medi um sharp bands in X ray powder diffraction nmeasure- nents On this
respect see F'E%. 1_a&%y;r§bl e 2). Selected 2 theta values for the
various cryst SPCRBUE PRy iceRdeplialiiedrem rgcemic staging materiale apaloy

(type 0, neasgoesly\té tiie Srbdéaseadeatrist fobtha@Bhantidrhersences of
i ndi vi dygl bands from these val ues may occur if different instrunments

or recordi ng nmethods, 20such as reflection or transm ssion, or

capil lary or i addtipnanenesef thetradny publidatibinkfovesnd mieiieg doimg for DOPC.
conditions wth respect to atnospheric humdity or tenperature
prevail. Some_of the crystal nodifications have a very high

crystal i ne codReabiectoiipe presest mvication is theaafOée\tmarqygde)D%Fé@ﬁn highof

greater than A8rity §.pokbdIdTR érgstiaﬂﬁleﬁ@frﬂf[Acfﬁrtﬁ@ﬁotﬁéb,‘tséﬁhe"H?stérﬂtqﬁ\?érp-ns
i's geneppglly ﬁxcl))g\llseto i ﬂ 3 . , . .
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

N 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.



In-addi tion, the crystal nodifications according to the invention are

produced as a ' ndl ed | oose material (Fig. 4). Th :
crystalline cﬁwa(r?g@g)(%ﬁgrp&and becones cl ear under the polar Fngﬁ52009/003398

m eroscope (Fig. 6). Mxtures of the crys®alline DOPC enanti oners,
such as, for exanple, crystalline racenate, may al so have the sane
XRD spectra. WO 2009/146779PCT/ EP2009/ 003398 - 7 - froman aprotic
medi um Aprotic nedia which can be used for this purpose are aprotic

sol vents or nibhewpresenhisvenion aeeordinobt ictatas de siabiagrystal cnedifigatians of

smal | propor t iPWPofeddriohters @naBtbixtrEs bf @fe chMitiohiERIHKindHeBsamén
excepti onal ca?_gi f25% by weight of protic solvents nay al so be
present 5under® ?lt 8BPe conditions. The crystallisation of DOPC can
be carried out here directly fromthe reaction solution wthout prior

i fi i on. | C || kewise be qbt.ai ned by.. .
Pecrysta 11 sat 5P ek mlpsealons SRV Rn Bvatih faid ptigu apeatie
mat eri al . 10Shemableeyahas & meyet previausly achieveputifyafl>a98% tegbthes with

h , f G e o S,
For examl o R é?‘ﬁéﬂéék%‘gﬁ"’%@rﬁ%&%ﬁf; g%??ézg%ﬁ%?f‘a%@%é
met hyl t et r ahy &fi6f SRAASRIRS Th Bleatfs WD eyciusinmelall ahdd Ky Anddéfareative
DUty et g e o IR 8L 20 Dy 9026 fAig s atmos-
i sobu cetate,. dine car , at e, , 3-

i ool |0 5. oheric SLBTORL WS 2aALRE SHeddRfon RotRlpD. IohsEsPRet 157
i sapropyl ket dable dpd tacPOFRG trryista.mod?ﬁcﬁfticmsslfdveeflboﬂléd't Ef 12Rs than 1
ty |1 ' S . exa e, nethano

et hanol . n- pr SoaNafontRl SRS, 5 s e Blin G Pe e aIgRT S popc.
2-butanol, tert- 25butanol, 3-nethyl-1-butanol, ethylene gly-

Enantiomerically pure DOPC is, for example, in the type | crystal modifica-

15 tion and exhibits medium-sharp bands in X ray powder diffraction measure-
ments (in this respect see Fig. 1 and Table 2). Selected 2 theta values for
the various crystal modifications are at 3.6, 5.3, 18.3, 19.3 and 21.7 (type
1), measured with Cu Ko radiation. Slight differences of individual bands
from these values may occur if different instruments or recording methods,

20 such as reflection or transmission, or capillary or window, are selected, or if
different recording conditions with respect to atmospheric humidity or tem-
perature prevail.

) Some of the crystal 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. 6).

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 crystaliised



col-, net hoxyet hanol, ethoxyethanol, water or m xtures thereof. 30The

crystallisati e ofookfeg7POPC nodi fications is general ly capeigzavbosios
spe- cifically by slow cooling of the prepared solution to

t enperatures bel ow 30C. The crystals form &ither spontaneously or
t hrough i noculation with the correspondi ng DOPC crystal nodification.
WO 2009/ 146779PCT/ EP2009/ 003398 - 8 - lated crystal nodifications at

I ted t t by | t tirri,l f thei i

Chaer cryst ol MCenapeis e Bl Abrats meuaa S ensARs ESar op e Parpgse
talli Dare 15t solvemtg ommbirtured tH ST tiy sicaliurn saay akoi

the process deagiifiec G S53ABh ALY ELITAAL! L RO BAYAD.

never previ ous?y achi eveé un?‘lﬁ ogg er With ’a%’g\/ ?’ §F @rﬁﬁ%‘,yaer.

achi eved st abill exgeptiongl caven 250 bylvegighieofanrotic solvents msy aisfo be present

crystal I3 ne DgRgef itaihle ce,he%hlgﬁﬁ@brs;{g@ﬁ%a}tpﬁ%f%%g érgbglgbﬁﬁéaogﬁ

since crystal line DOPC has excell ent ! ity 1n solid formunder
the given comﬁ\eﬂ'?gf{?(’ﬁh 0%ﬁ§tr§ﬁ?ﬂ%aolv€w%@a¥aw pyrificatian. Grystalline
virtual ly unr @0PCaiadlikeatisé®be obtgined\bg et eRt0iRasion Wt Rorphons hedrmne
al so rel ates t%/sit%ﬁpé%ar I’Y&ﬁé@%l cal lEicorrpOS| tions resulting fromthe
use of the DO LPRSRINe APl an be, for exanple, in the form
of liposones, |ipoplexes, mcroenul sions and nanoparticles and

conprisdQ for S@&QIB%' SorofiB S%%ianear%om)%rg@PLrom the group of the

pepti des, nucl eot es,r vaccl nes and ¢ ics. 20The present

dej)cri ption efiMEssYHeapdPEBXABRIE, | edigtrahydecfaran, methgléetrateydrofuran
invention in its full scope. Even w thggy didudnaer comments, it is

t herefore assungd t ha thf?t erson skillg&%g the art will be able to
utilise the ab§ S'cféé%‘r?%tf’ FXaMPEne pEBWhENMale Jpethyiraeetgie sihyl ace-
description consequently enabl es the peiteosropyl ddedshtel Bophsp\AEcetleuse
and carryg out the invention in its 25f Ii SCOthlﬁ?.e.l t,[ e c?%e 8&;%%

| ack of clarity, it goes without sayi nguyhﬁ?e '?fibd”c,aaﬁe fis

patent literature cited should be util takdnali; disttyinedriponatbess 1,3-

docunents are regarded as part of the gisg6li@sw.ghgontent of the

present description.
ketones, such as, for example, acetone, 2-butanone, methy! isobutyl

ketone, methyl 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-
) nol, n-butanol, isobutanol, 2-butanol, tert-

25 butanol, 3-methyl-1-butanocl, ethylene gly-
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 inoculation 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-



30-For better understanding and in order to illustrate the invention,
exanpl es are giyaoReHFAW Which are within the scope of prpteebdeestoios
te

the present invention. These exanples also serve to illustra

possi ble variants. OmMng to the general'@%fidity of the inventive
principle described, however, the 35exanples are not suitable for
reduci ng the scope of protection of the pre- sent application to
these al one. ZWD,2009/ 1467 79PCT/ EP2009/ 003398 - 9 - The tenperatures
given in the &Blgfhonstalyngdiieations,at dJavaird temperatues ar ¥ lenothwstieng afn

C. Unl ess i nditisesit edspsridesny sedereppdtaNsatiat sodifod. ven in % by wei ght.
5t furthernore goes w thout saying to the person skilled in the art

that, both in the exanples given and also in the remai nder of the
description, (lhe ussnpioareatphauswortpartallysepstallinet DEPCoap sirting natedialdys

0 0 g M O A R,

fromthe per Cimvingye sevabpiexicusly aghievsd pudiydageiheowibrawneesr me-

data are % by yiRisBhichitdddstaBeinexception of ratios, which are shown
in volume dat a. 5 20 25 30 2009/ 146779PCT/ EP2009/ 003398 - 10 -

Exanples for illustration of the invention Exanple 1 Crystallisation
of (R)-DOPC 5Thelngerdforearse pilates toRthe DERGfangstdiling WORA fonthlk/Hikpaka-of

S ystal | Lsat 080 3 Mrcleuetl KiuRbrigharBrs criteiddDedhe et dfpfientste:
the) product i Silits ol snliddfoby Urider ket ivenaeddilionedridncaretart. aritheeryigelod
of-‘crystal i ngubfy P Jitudi§U e dPici¥ Beriod.

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 nanoparticles 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

N enables 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

20 are regarded as part of the disclosure content of the present description.
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 exampies 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.



The crystal nodifications (R S)- and (S)-DOPC can be obtained in the
sanme way. 15 ecrystal lisation of DOPC from eth

20.0 g of DOPC are é‘?ﬁ?sdgl ved in 100 m of ethyl acetate aﬂ:’g@%ﬁfﬂ%&(@ws
sotution is cooled rapidly to 20C and theh-to -10C at a rate of
0.01C¢ m n, 20 during which crystallisation comences. The

crystalli sate IS filtered off and dried at roomtenperature in vacuo.
The yield is 19.6 g of crystalline DOPC (98.1% of theory). At a
heating rate Jﬁ]esiemﬁaﬁatw‘%gweadn the examplessangd desariptignssiddn the claims
and an ent hal I@Ye@fwé‘}%l ihi°00 Ulestindicdtd ofelryrRiabeniénbhat ér'et%@én iM%
order to determ ne e stability of crystal | ine DOPC, the substances
are stored to&&"ﬁ%g ith conparative sanples at 25C and 60% rel ative
hum d- 30 ity and at 40C and 75%relative humdity with excl usion of

2nd i naloat ed HoBERAARTI0E DN sl ROl e Sn BRIGA I e S s b
DOPC ar e det eihihteexappleplgiversdard alsohs the pemairsiey of e decsnrfptloat then,

Tabl o 1. St of gt e ponprsent B UGS kRt g 3P Pive
% by wei ght of OBy/ToEV Wedghtaraii0 mel%aubasead gn M%aowmosntion as q wjm

40C /| 75% r el @hhnét drdeedisgBlen ifHighéh valuds 88aldlarise from the per cent

10 ranges indicated. Unless indicated otherwise, % data are % by weight, with
) ) the exception of ratios, which are shown in volume data.
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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
10 (90%).

- The crystal modifications (R,8)- and (S)-DOPC can be obtained in the
same way.

15 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,

20 during which crystallisation commences. The crystallisate is filtered off and
dried at room temperature in vacuo. The vield 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.

25 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-

30 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.
35 For the type | crystal modification, the following values were found:
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g. 2 (tyophitised) and Fig, 3 (waxy) —Table 2 tists
ot a val ues flor the t pfRbilitbebtyre Letystallipei(R)-0EOP6n:
e Stetagettrfe 2 theta val ues Type |
in months 25°C / 80% relative humidity | 40°C / 75% relative humidity
% by weight Area-% % by weight Area-%
0 100.0 100.0 100.0 100.0
3 100.9 100.0 100.0 99.9
6 99.3 100.0 98.4 99.8
9 100.8 100.0 99.8 99.8
12 100.4 99.7 99.5 99.7
18 100.6 99.8 - -
Example 3

X-ray powder diffraction patterns

In order to characterise the DOPC crystal modifications, X-ray powder dif-
fraction patterns (XRD diffraction spectra) of these substances are
recorded. For comparative purposes, X-ray powder diffraction patterns
(XRD diffraction spectra) of lyophilised and waxy DOPC variants are also

recorded.

For type | DOPC crystal modifications, relatively high-resolution spectra
with medium-sharp bands are obtained for lipids. The spectra indicate high
crystalline contents. No amorphous components are visible under the
polarising microscope.




(R--DOPC 3.6, 5.3, 7.1, 8.8, 11.0, 12.3, 15.3, 17.6, 18.3, 19. 3,

20. 4, 21.1, and 26.4 Exanple 4 Modification

DOPC cryst al rrvi%lz(?o?gé}tzlfgns are produced as granul ar Iooseﬁ(r:rg%ég?ologf 03398
(Fi-g. 4), while commrercial DOPC sanpl es-dre obt ai ned either as

| yophilisate or as waxy lunps (Fig. 5). Under the polarising

m croscope, the type | DOPC crystal nodification is clearly evident
as crystalline material (Fig. 6), while the Iyophilised (Fig. 7) and
waxy conpar at iAfb'”HﬁTtr@ft“fea$%9‘%M"@1 capea88ain Heot ppad). Fex sapiparison,

Mel ting behavispettrBidFicefrinéicallly seanabBafdhdiRiampleRSr likewise
measur enent s Ilke\f/:\f ae r}s&wow CL ear dlffef‘rences for the t %e I pi)}(fc
crystal nodi fi"e3PO6H YEEH aNGI099ME COREIIORS SRd| shaw ?’F:F{ﬁ{ 10yoriiiser 2pd
conpar ati ve nmitigrd évaxy§i g. 11). WO 20091146779PCT1EP20091003398 - 13-
PATENT G.AIMS 1. Crystalline (R S)-, (R - and (S)-DOPC. 52.
Crystalline (R - and (S)-DOPC. 3. Mxtures of crystalline (R)- and
crystalline (9SabRdistuseleriedtzaihetaealurs fOaRE. type | DOPC crystal modifica-

tion:
Table 2:

10

) Type Selected 2 theta values

Type | (R)-DOPC 3.6,53,7.1,8.8, 11.0, 12.3,

15 15.3, 17.6, 18.3, 19.3, 20.4,

21.1,21.7,22.8 and 26.4

Example 4

20

Modifications

Type | DOPC crystal modifications are produced as granular loose material
(Fig. 4), while commercial DOPC samples are obtained either as lyophili-
) sate or as waxy lumps (Fig. 5).
25 Under the polarising microscope, the type | 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
30 Melting behaviour

Differential scanning calorimetry (DSC) measurements likewise show clear
differences for the type | DOPC crystal modification (Fig. 9) and the lyophi-

lised (Fig. 10) and waxy comparative material (Fig. 11).
35



10-5. Crystalline (R)- and (S)-DOPC according to Claim?2 having five

18.3, 19.3, 20.4, 21.1, 21.7, 22.8 and 26.4. 156. Crystalline (R)-

and (S)-DOPC according to Claim2 having 13 1 heta val ues of 3. 6, 5.3,
18.3, 19.3 and 21.7. 7. Crystalline (R - and (S)-DOPC according to
Caim2 having 2 theta values of 3.6, 5.3, 7.1, 12.3, 17.6, 18.3,

19.3, 21.1, 21.7 20and 22.8. 8 |4+ n Ry~ (S)-DOPC
according to Claim?2 having a ?p&ﬁ%ihétcg;&%lm ig. 1 (type I)
259. Crystalline (R - and (S)-DOPC according to one or nore of CIal;ns
1 to 8 having P POl Bt Pf (81 € . C and an enthal py o
mel ting of gre@t gﬁé@hﬁl”ﬁ%(?}%ﬁ (ﬁgﬁr&ﬁ%@g@gp or the preparation of
crystal nodifications of (R S)-, (R)30and (S)-DOPC, characterised in
that the crystal | iGgkifmé §Rz_aéﬁgjggp_%p@_om one or nore aprotic

solvents. 11. Process for thée prepafation of crystal nodifications of
(RS-, (R-and (S)-DOPC according to Caim10, characterised in that

the 35aprotic ol Wixturesdfayrgstallinea(Rptded crystafineadDOPC.
tetrahydrof uran, nethyltetrahydrofuran or dioxane. WO

2009/ 146779PCT/ EP2009/ 003398 - 14 -  12. 5
4. Crystalline (R)}-DOPC.

10

5. Crystalline (R)- and (S)-DOPC according to Claim 2 having five

) of the 2 theta values 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.

15 6. Crystalline (R)- and (S)-DOPC according to Claim 2 having 2
theta values of 3.6, 5.3, 18.3, 19.3 and 21.7.

7. Crystalline (R)- and (S)-DOPC according to Claim 2 having 2
theta values of 3.6, 5.3, 7.1, 12.3, 17.6, 18.3, 19.3,21.1, 21.7
20 and 22.8.

8. Crystalline (R)- and (S)-DOPC according to Claim 2 having a
spectrum according to Fig. 1 (type I)

25 9. Crystalline (R)- and (S)-DOPGC 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 J/g.

10. Process for the preparation of crystal modifications of (R,S)-, (R)-
30 and (S)-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)-
and (S)-DOPC according to Ciaim 10, characterised in that the
35 aprotic solvent employed is an ether, preferably tetrahydrofuran,
methyltetrahydrofuran or dioxane.
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12. Process for the preparation of crystal modifications of (R,S)-, (R)-

13.

14.

15.

16.

17.

18.

and (S)-DOPC according to Claim 10, characterised in that the
aprotic solvent employed is a ketone, preferably acetone, 2-buta-
none, methyl isobutyl ketone or methyl isopropy! ketone.

Process for the preparation of crystal modifications of (R,S)-, (R)-
and (S)-DOPC according to Claim 10, characterised in that the
aprotic solvent employed is a nitrile, preferably acetonitrile.

Process for the preparation of crystal modifications of (R,S)-, (R)-
and (S)-DOPC according to Claim 10, characterised in that the
polar solvent employed is an ester selected from the group ethyl
formate, methyl acetate, ethyl acetate, propyl acetate, isopropyl
acetate, butyl acetate, isobutyl acetate, dimethyl carbonate,
diethyl carbonate and 1,3-dioxolidin-2-one, or mixtures thereof.

Process according to one or more of Claims 10 to 14, character-
ised in that an aprotic medium is used in a mixture with an alco-
hol selected from the group methanol, ethanol, n-propanol, iso-
propanol, n-butanol, isobutanol, 2-butanol, tert-butanol, 3-methyl-
1-butanol, ethylene glycol, methoxyethanol and ethoxyethanol, or
mixtures thereof.

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

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

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



Process for the preparation of crystal nodifications of (R S)-,

(R -and (9)- D @e5%764 ng to Aaim 10, characterised in Fgf‘/fgpﬁtfﬂ?mosss)s
aprotic solvent enployed is a ketone, preferably acetone, 2-butanone,
met hyl isobutyl ketone or nethyl isopropﬂl5'ketone. Process for the
preparation of crystal nodifications of (R S)-, (R-and (S)-DOPC
according to C aim 10, charact eri sed in that the aprotic sol vent

enployed is a tr refer acetonitrile. Process for the
preparati on of1r§c Fél%{rn %’Eﬂﬂsé@n CRMISINg Yy ek W@j‘flms of
according to d ai fR]8)- ¢m;uamﬂ(as )-EXOPO) dibaé drhie dolﬁﬁilﬂ[lré@i"dm"bnall
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acetate, isobutyl sebvwrdt e, di nethyl carbonate, diethyl carbonate and
1, 3-di ool i di n-2-one, or mxtures thereof. Process according to one
or nore of Clajns 10 to 14, characterised in that an aprotic nmedi um
is used in a WOkt harmaceufisalcomnsitien conuarisingarysial gredifications of

rzne'}3 h?ngll e: h??o{) (RISP! ORE rtmd Sfﬂpgﬁﬁ%ord‘héﬁtﬁ Q1aim 1I98%p'a?§a%|nsed
et Eoiygt hangl anu %oq?? Wﬁmﬂ)%/cewc%ha 'MP&O"F gfe%m@é’s@ an
accor dldng todCI ai lalcll06 Odmpﬁnm@rslemﬂedrfr(bm&het@@ (yhﬁﬂhél peptidesn is
carriedqgut direc t t w t hout pri or
purification. Pr obeu)sélset’cg[(éﬂca Xgﬁgﬁfe% @?Qlci]?%é gﬂar acterised in that a
regrystallisation of anorphous or crystalline (R S)-, (R- or

(SY-DOPC is canri ?‘ha‘?H’facééﬁl%aﬂ:oﬁﬁ}ﬁél%n EBﬂﬁﬁr‘léﬁﬁg &g?tﬁ?hécﬁﬁ%f oné B}

or (S)-DOPC, al onz I ona m xture
constituent for t Bé}"eg%)’eﬂ'?% bP R deerEing to (drim 19, characterised

2009/ 146779PCT/ EPROG4t0088~prisks- Ilﬂc%orﬁéylrmﬁﬂékw%aﬁ@s?ﬁh‘iﬁléé en mlcro-

conpri siqgg crystal gl fications of (R al one
or in a mxture Oteng@ Wal | y together with pharmaceutical active

conmpounds, assistants or a solvent. 5 20. Pharnmaceutical conposition
conprising crystal nodifications of (R S)-, (R - and (S)-DOPC
according to Caim19, characterised in that the pharnaceutica
active compound enployed is an active conpound sel ected fromthe
group of the peptides, 10nucl eotides, vaccines and cytostatics. 21.
Phar maceut i cal conposition conprising crystal nodifications of
(R'S) - R) - and (S)-DOPC according to Caim19, characterised in
that it conprises |iposones, |ipoplexes, nanoparticles or mcro-
15emul sions. 20 25 30
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