
Stable crystal modifications of DOPC     The present invention
relates to crystal modifications of DOPC, to processes for the
preparation thereof, and to the use thereof for the preparation 5of
pharmaceutical compositions. DOPC above and below refers to naturally
occurring 1,2-dioleoyl-sn-glycero-3-phosphocholine, also referred to
as 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine,
101,2-dioleoyl-sn-glycero-3-phosphorylcholine,
(R)-2,3-bis(oleoyloxy)propy1-2-(trimethylammonio)ethyl phosphate,
1,2-dioleoyl-L-a-lecithin or, (R)-DOPC the non-naturally occurring
enantiomer thereof 152,3-dioleoyl-sn-glycerol-1-phosphocholine,
racemic (R,S)-DOPC, and other mixtures of the above-mentioned
enantiomers.    C44H84N08P,Mw 786.11 25 CAS numbers:4235-95-4 (R
form) and 84366-67-6 (S form) Liposomes are synthetic multilayered
vesicles (spherical in closed membranes) 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.  WO 2009/146779PCT/EP2009/003398 - 2 - and sunscreens
are embedded here. Liposomes are generally applied topically.
However, liposomes are increasingly achieving further importance in
phar- 



maceutical technology since parenteral administration of liposomes
enables more specific organ distribution to be achieved than if the
active compounds are used in freely dissolved form. Thus, US
2006/0067998 Al discloses a method in which a colloidally en-
10capsulated formulation which comprises curcumin or a curcumin
derivative as active substance is administered for the treatment or
prevention of cancer diseases. Suitable formulations comprise both
lipid-based colloidal systems and also polymeric colloidal systems,
such as, for example, liposomes, nanoparticles, microparticles or
copolymer micelles formed from 15block polymers. If DNA-, RNA- or
proteins are included, lipoplexes are obtained. Nanoparticles
(nanoparts) are particles of approximately the same size as 20
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 encapsulation of lipophilic substances.
Microemulsions are colloidally disperse, single-phase systems
comprising 25aqueous, 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 30peptide-like active compounds, nucleotides,
vaccines and other biopharma- ceuticals. In addition, the degradation
of the active compounds in the body can be slowed and a
sustained-release effect achieved in this way. 35  WO
2009/146779PCT/EP2009/003398 - 3 - (R)-DOPC belongs to the class of
naturally occurring, zwitterionic phosphocholines. Liposomes
comprising zwitterionic lipids have a neutral surface, alone or
combined with other phosphocholines or other uncharged, lipid-like
compounds. 5 However, the ability of DOPC-based liposomes and
lipoplexes to penetrate into cells and thus to transport the active
compounds included in them into the cell interior (transfection) is
particularly important. Such liposomes often comprise charged lipids,
in particular cationic lipids. However, applications 10in which the
lipoplexes consist exclusively of DOPC have also been pub- 



lished, for example by Sood et al. in the Journal of the National
Cancer Institute (2008), 100, 359 - 372.     All these properties
also make DOPC very interesting for cancer therapy. 15Due to these
properties, it offers the possibility of administering RNA, DNA or
conventional cytostatics included in DOPC liposomes. Medical, in
particular parenteral applications make extremely high requirements
of the quality and purity of the active compounds and assistants
20used. Thus, there are very strict regulations regarding the
preparation, reproducibility of preparation and by-product profile of
these compounds on the part of the authorities. In the case of
substances administered parenterally, microbiological impurities due
to pathogenic germs and endotoxins additionally have to be strictly
avoided and controlled. 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. 30Like 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 generally have high toxicity.  WO
2009/146779PCT/EP2009/003398 - 4 - Suitable preparation and
purification methods are required here. DOPC is, for example, in the
form of a lyophilisate or waxy solid and therefore can only be
obtained in adequate quality with great difficulty industrially. 5The
conventional methods for overcoming the instability, such as, for
example, the addition of antioxidants in the form of tocopherol or
reduced L-glutathione, greatly restrict the general usability of DOPC
since interactions with the active compounds later to be embedded
cannot be excluded. Complete exclusion of oxygen during preparation,
storage and use is virtu- 10ally impossible or can only be achieved
with very great effort. Thus, the manufacturer generally recommends
that lyophilised DOPC be stored under a protective gas at -20C and
only guarantees a shelf life of about 12 months. Although a longer
shelf life is guaranteed for waxy 15DOPC, an oxidation protection is
added, and storage must likewise take place at -20C. Both lyophilised
and waxy DOPC have very high amorphous contents. 



20Besides 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, can only be weighed out with difficulty. This makes
handling of this com- 25pound much more difficult. The literature
only discloses various synthetic routes for the preparation of
amorphous DOPC: 30lchihara 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.  WO
2009/146779PCT/EP2009/003398 - 5 -  Many other publications on the
synthesis and use of DOPC have appeared, but none describes
crystalline material.        Lewis et al., Biochemistry (1988),
27(3), 880-7, and Biochemistry (1989), 528(2), 541-8, report on
lyophilised DOPC. Baer and Kindler in Biochemistry (1962), 1(3),
518-21, refer to waxy DOPC. Lekim, Biedermann and Ghyczy, DE 2647395,
describe generically the 10purification of GPC esters by
crystallisation, but the explicit crystallisation of DOPC is not
described. Racemic DOPC can be obtained from racemic starting
materials analogously to the processes described for the enantiomers.
15 In addition, none of the many publications gives a melting point
for DOPC. 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- 20tion 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. 



25 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 crystalline products obtained in this way are stable for
a virtually unlimited time 30at room temperature under a protective
gas. Crystalline DOPC is also produced as an easily handled loose
material having improved hygroscopicity. 35They are therefore
suitable as constituent of or starting material for the preparation
of medicament forms.  WO 2009/146779PCT/EP2009/003398 - 6 - The
present invention accordingly relates to stable crystal modifications
of DOPC enantiomers and to mixtures of the enantiomers having the
same crystal form. 5The stable crystal modifications can be in
crystalline and partially crystalline form. They have a never
previously achieved purity of > 98% together with a never previously
achieved stability of > 99%, based on the initial value, after
storage for 12 months with exclusion of air at 40C and 75% relative
atmospheric humidity and after 18 months at 25C and 60% relative
atmos- 10pheric humidity (without addition of oxidation protection,
in this respect see Table 1). The DOPC crystal modifications have a
content of less than 1 equivalent of water or solvent of
crystallisation per equivalent of DOPC. Enantiomerically pure DOPC
is, for example, in the type I crystal modifica- 15tion and exhibits
medium-sharp bands in X ray powder diffraction measure- ments On 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 0, measured with Cu Ka radiation. Slight differences of
individual bands from these values may occur if different instruments
or recording methods, 20such as reflection or transmission, or
capillary or window, are selected, or if different recording
conditions with respect to atmospheric humidity or temperature
prevail. Some of the crystal modifications have a very high
crystalline content, 25which is evident in an enthalpy of melting of
greater than 48 J/g. The melt- ing point of the crystal modifications
is generally above 60C (Fig. 9). 



In addition, the crystal modifications according to the invention are
produced as an easily handled loose material (Fig. 4). The
crystalline charac30ter and becomes clear under the polarising
microscope (Fig. 6). Mixtures of the crystalline DOPC enantiomers,
such as, for example, crystalline racemate, may also have the same
XRD spectra.  WO 2009/146779PCT/EP2009/003398 - 7 - from an aprotic
medium. Aprotic media which can be used for this purpose are aprotic
solvents or mixtures thereof. The aprotic medium may also comprise a
small proportion of protic solvents, such as, for example, water. In
exceptional cases, 25% by weight of protic solvents may also be
present 5under suitable conditions. The crystallisation of DOPC can
be carried out here directly from the reaction solution without prior
purification. Crystalline DOPC can likewise be obtained by
recrystallisation of amorphous, partially crystalline or crystalline
material. 10Suitable aprotic solvents are, in particular,  ethers,
such as, for example, esters, such as, for example, ketones, such as,
for example, nitriles, such as, for example,  tetrahydrofuran,
methyltetrahydrofuran and dioxane, ethyl formate, methyl acetate,
ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate,
isobutyl acetate, dimethyl carbonate, diethyl carbonate and 1,3-
dioxolidin-2-one, acetone, 2-butanone, methyl isobutyl ketone, methyl
isopropyl ketone, and 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- 25butanol, 3-methyl-1-butanol, ethylene gly- 



col, methoxyethanol, ethoxyethanol, water or mixtures thereof. 30The
crystallisation of the DOPC modifications is generally carried out
spe- cifically by slow cooling of the prepared solution to
temperatures below 30C. The crystals form either spontaneously or
through inoculation with the corresponding DOPC crystal modification.
WO 2009/146779PCT/EP2009/003398 - 8 -  lated crystal modifications at
elevated temperature or by lengthy stirring of their suspensions
under crystallisation conditions. The use of amorphous or partially
crystalline DOPC as starting material for 5the recrystallisation in
the process described gives essentially crystalline DOPC having a
never previously achieved purity together with a never previously
achieved stability. The invention also relates to the use of
crystalline DOPC for the prepara- 10tion of medicament formulations,
since crystalline DOPC has excellent sta- bility in solid form under
the given conditions and constant and very good quality over a
virtually unrestricted period. The invention consequently furthermore
also relates to the pharmaceutical 15compositions 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. 20The 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 enables the person skilled in the art to use
and carry out the invention in its 25full 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 35examples are not suitable for
reducing the scope of protection of the pre- sent application to
these alone.  WO 2009/146779PCT/EP2009/003398 - 9 - The temperatures
given in the examples and description and in the claims are always in
C. Unless indicated otherwise, content data are given in % by weight.
5It furthermore goes without saying to the person skilled in the art
that, both in the examples given and also in the remainder of the
description, the component amounts present in the compositions always
only add up to 100% by weight or 100 mol%, based on the composition
as a whole, and cannot exceed this, even if higher values could arise
from the per cent 10ranges indicated. Unless indicated otherwise, %
data are % by weight, with the exception of ratios, which are shown
in volume data.  15 20 25 30  WO 2009/146779PCT/EP2009/003398 - 10 -
Examples for illustration of the invention Example 1 Crystallisation
of (R)-DOPC 5 200 g of amorphous (R)-DOPC are dissolved in 1700 ml of
acetonitrile at 25C. The solution is cooled to -10C at 0.1C/min.
Crystallisation commences at 10C. 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,S)- and (S)-DOPC can be obtained in the
same way. 15Example 1a Recrystallisation of DOPC from ethyl acetate
20.0 g of DOPC are dissolved in 100 ml of ethyl acetate at 35C. The
solution is cooled rapidly to 20C and then to -10C at a rate of
0.01C/min, 20 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 5C/min, the product exhibits a melting point of 71C
and an enthalpy of melting of 49.4 J/g. 25Example 2 Stabilities In
order to determine the stability of crystalline DOPC, the substances
are stored together with comparative samples at 25C and 60% relative
humid- 30 ity and at 40C 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. 35For the type I crystal modification,
the following values were found:  WO 2009/146779PCT/EP2009/003398
Table 1:  Storage time in months          Stability 25C /60% relative
% by weight of type I crystalline humidity Area-%         (R)-DOPC
40C / 75% relative % by weight   humidity 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 diffraction 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.  WO 2009/146779PCT/E
P2009/003398 - 12 - An illustrative spectrum can be seen in Fig. 1
(type l). For comparison, spectra of commercially available,
amorphous samples are likewise recorded under analogous conditions
and shown as Fig. 2 (lyophilised) and Fig. 3 (waxy). Table 2 lists
selected 2 theta values for the type I DOPC crystal modification:
Table 2:  Type Selected 2 theta values Type I 



(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, 21.7, 22.8 and 26.4  Example 4 Modifications Type I
DOPC crystal modifications are produced as granular loose material
(Fig. 4), while commercial DOPC samples are obtained either as
lyophilisate or as waxy lumps (Fig. 5). Under the polarising
microscope, the type I 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 I DOPC
crystal modification (Fig. 9) and the lyophilised (Fig. 10) and waxy
comparative material (Fig. 11).  WO 20091146779PCT1EP20091003398 -13-
PATENT CLAIMS 1.Crystalline (R,S)-, (R)- and (S)-DOPC. 52.
Crystalline (R)- and (S)-DOPC. 3. Mixtures of crystalline (R)- and
crystalline (S)-DOPC. 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. 156. 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 20and 22.8. 8. Crystalline (R)- and (S)-DOPC
according to Claim 2 having a spectrum according to Fig. 1 (type I)
259. Crystalline (R)- and (S)-DOPC according to one or more of Claims
1 to 8 having a melting point of greater than 60C and an enthalpy of
melting of greater than 48 J/g.   10. Process for the preparation of
crystal modifications of (R,S)-, (R)30and (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 Claim 10, characterised in that
the 35aprotic solvent employed is an ether, preferably
tetrahydrofuran, methyltetrahydrofuran or dioxane.  WO
2009/146779PCT/EP2009/003398 - 14 -   12.  5   



13.  10 14.  15   15.  20   16.  25   17.  30   18.  35   



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 ketone, preferably acetone, 2-butanone,
methyl isobutyl ketone or methyl isopropyl 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, characterised in that an aprotic medium
is used in a mixture with an alcohol selected from the group
methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
2-butanol, tert-butanol, 3-methyl1-butanol, ethylene glycol,
methoxyethanol and ethoxyethanol, or mixtures thereof. Process
according to Claim 10, characterised in that the crystallisation is
carried out directly from the reaction solution without prior
purification. Process according to Claim 10, characterised in that a
recrystallisation 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.  WO
2009/146779PCT/EP2009/003398 -15- 19. Pharmaceutical composition
comprising crystal modifications of (R,S)-, (R)- and (S)-DOPC, alone
or in a mixture or optionally together with pharmaceutical active
compounds, assistants or a solvent. 5 20. Pharmaceutical composition
comprising crystal modifications of (R,S)-, (R)- and (S)-DOPC
according to Claim 19, characterised in that the pharmaceutical
active compound employed is an active compound selected from the
group of the peptides, 10nucleotides, vaccines and cytostatics. 21.
Pharmaceutical composition comprising crystal modifications of
(R,S)-, (R)- and (S)-DOPC according to Claim 19, characterised in
that it comprises liposomes, lipoplexes, nanoparticles or micro-
15emulsions. 20 25 30 


