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C Liposomes are synthetic multilayered vesicles (spherically self-contained
membranes) comprising ambiphilic substances, usually natural lipids,
into which both hydrophilic substances can be encapsulated into the

25 aqueous interior, and also lipophilic substances can be incorporated into
the inside of the lipid membrane.

They are employed in particular in cosmetics and in medicine, especially
in dermatology. Here, in particular vitamins, coenzymes, skin-care agents

30 and sunscreens are embedded. Liposomes are generally applied topi-
cally.

However, liposomes are increasingly achieving further importance in
pharmaceutical technology, since parenteral application of liposomes
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15
Especially in connection with peptidic active compounds, nucleotides,
vaccines and other biopharmaceuticals, which normally have poor solu-
bility, the solubilising effect has very great importance in the case of the
applications described above.

20

In addition, degradation of the active compounds in the body can be
slowed and a sustained-release effect achieved in this way.

DOTAP chloride belongs to the class of cationic lipids. In contrast to
C 25 naturally occurring phospholipids, these do not have a zwitterionic char-

acter. Liposomes comprising cationic lipids, alone or combined with
phospholipids or other lipid-like compounds, have a positively charged
surface. This gives rise to high affinity to cells which have a negatively
charged surface on the outside, for example endothelial cells.

30
Particularly important, however, is the ability of DOTAP-based and other
cationic liposomes and lipoplexes to penetrate into cells and thus to
transport the active compounds incorporated therein into the interior of
the cell (transfection).
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Used in vivo, however, anion exchange at the liposome surface takes
place in the living body, meaning that the advantages of other salts do

20 not arise here. Especially on medical use in humans in particular for
parenteral application, DOTAP salts with physiologically acceptable
anions, such as, for example, the corresponding chloride or the acetate,
are therefore preferred.

C 25 Medical, in particular parenteral applications make the highest demands
of the quality and purity of the active compounds and adjuvants used.
There are therefore very strict regulations on the part of the authorities
with respect to the preparation, reproducibility of preparation and by-
product profile of these compounds. In the case of substances used par-
30 enterally, microbiological contamination by pathogenic microorganisms
and endotoxins must, in addition, be strictly avoided and controlled.

DOTAP chloride and other DOTARP salts are extremely unstable and are
therefore difficult per se to prepare in an acceptable purity so that they
35 are suitable for use for the preparation of a medicament formulation.
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DOTAP chloride is commercially available only as a chloroform solution
or as an amorphous solid.

20 In addition to its oxidation sensitivity, amorphous DOTAP chloride is also
extremely hygroscopic and deliquesces within an extremely short time at
normal atmospheric humidity levels to give a greasy film. This makes
handling of this compound much more difficult.

)

25 Thus, the manufacturer of amorphous DOTAP chloride generally recom-
mends storage under protective gas at -20°C and only guarantees a shelf
life of about 6 months.

The literature only reveals various synthetic routes for the preparation of
30 amorphous, racemic DOTAP chloride:

Eibel and Unger, DE4013632A1, outline the synthesis of DOTAP chloride
from DOTAP bromide by ion exchange in the chloro-
form/methanol/aqueous HCI solvent system followed by purification by

35 means of chromatography. DOTAP bromide is obtained in advance in
situ from 1-bromo-2,3-dioleoyloxypropane.
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in acetonitrile at room temperature. Attempts to reproduce this so-called
crystallisation gave only amorphous material through solidification of the
oily substance obtained from hot solution on cooling. The fact that this is
not a crystallisation is also evident from the fact that the authors appar-
20 ently do not achieve a purification effect and have to purify the substance

by chromatography.

Consequently, neither synthetic routes for the preparation of the two
enantiomeric DOTAP chlorides nor characteristic properties thereof are

25 known to date. Although Chemical Abstracts has assigned numbers for
the two enantiomers, the corresponding publications describe exclusively
work with racemic DOTARP chioride.

)

In particular if the compounds are intended for parenteral use, a prepara-
30 tion which includes treatment with ion exchanger resin is extremely
problematical in view of possible microbiological contamination, since
corresponding resins are an ideal nutrient medium for bacteria and even
after they have been killed, a risk of contamination by endotoxins still
remains.
35
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A further preparation method which may be mentioned is racemate reso-
lution of racemic DOTARP chloride.

By means of experiments, it has now been found, surprisingly, that both
20 racemic and also enantiomerically pure, crystalline DOTAP chloride can

be obtained in a simple manner with high chemical purity and excellent

stability. The crystalline products obtained in this way have virtually

unlimited stability at room temperature under protective gas. They are

therefore suitable as constituent or as starting material for the preparation
25 of medicament forms.

O)

The present invention accordingly relates to enantiomerically pure
DOTAP chloride and stable crystal modifications of racemic and enantio-
merically pure DOTAP chloride.
30
The stable crystal modifications can be in crystalline and partially crystal-
line form. They have a never hitherto achieved purity of > 98% together
with a never hitherto achieved stability of > 98% in relation to the starting
value after storage for 12 months with exclusion of air at 25°C and 60%
35 relative atmospheric humidity. (see in this respect Table 1). The DOTAP
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15 The enantiomers are optically active. Thus, (2S)-DOTAP chioride has an
optical rotation of -2.12°, (2R)-DOTAP chloride has an optical rotation of
+2.12° ([a]o at 20°C, 1% solution in dichloromethane).

The invention furthermore relates to a process for the preparation of

20 DOTAP chloride crystal modifications which is characterised in that
DOTAP chloride is crystallised from an aprotic medium. The aprotic
medium used for this purpose can be aprotic solvents or mixtures thereof.

The aprotic medium may also comprise protic solvents, such as, for
C 25 example, water, in small amounts. In exceptional cases, 25% by weight
of protic solvents may also be present under suitable conditions. The
crystallisation of the DOTAP chlorides can be carried out here directly
from the reaction solution without prior purification. Likewise, crystalline
DOTAP chioride can be obtained by recrystallisation of amorphous, par-
30 tially crystalline or crystalline material.

Suitable aprotic solvents are, in particular,
ethers, such as, for example, tetrahydrofuran, methyltetrahydrofuran,
dioxane, diethyl ether, dipropy! ether,
35 diisopropy! ether and methyl tert-butyl
ether,
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15

Protic solvent additions of this type can typically consist of the following
solvents:

alcohols, such as, for example, methanol, ethanol, n-propanol, isopropa-
20 nol, n-butanol, isobutanol, 2-butanol, tert-
butanol, 3-methyl-1-butanol and ethylene
glycol, methoxyethanol, ethoxyethanol,
or
water.
C 25 The protic solvent additions may in turn be additions of the pure solvents
or of mixtures of these protic solvents.

The crystallisation of the DOTAP chloride modifications is generally
achieved specifically by slow cooling of the prepared solution to tem-

30 peratures below 30°C. The formation of the crystals is carried out either
spontaneously or by inoculation with the corresponding DOTAP chloride
crystal modification.

The various DOTAP chloride crystal modifications can be converted into
35 one another. The conversions can be achieved by heat
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PCT/ EP2005/ 090 BY £Xtended slifring of their syspeasionsHineen Ay sialisaion capfns at

el evated tenfienature or by extended stirring of their suspensions under
crystallisation condi- tions. The use of anorphous or partially crystalline
DOTAP chloride as starting 5 material for the recrystallisation gives, by

t he process aaewse)eﬂampbausmra)aryauymstalllneeDﬂ%%P chiodde @ssstartingver
hi t hertso achj i ek AW i ' b i lity.
The | noent oﬁ%‘Fﬁs"tﬁgﬁ‘gt‘e@e{Yf;ﬂﬁﬁﬁg‘*%'?e%?“ e PrOGRIRIBE el Y10
t he preparat U@ﬁy §Fysia i’\%ﬁ@h A M'gﬁ oh peyenhithere aghjeved pusdy terap

chl ori des hagetiferogith eeves hithertot achieved|stabiliy.m under the stated conditions
and have constant and very good quality for a'virtually unlimted tine. In

addition, enantionerically pure DOTAP chl ori des have different physi- 15 cal
properties tdhelinveationaiso relatesmta thmiuse of crgstatiineeDIOPARI ¢hlorides dor

found 19 ¢ nifie iR aRof EIRgIcatheA Hmiligt s 3’?‘-‘&@@?@%@@%@?@%@1 y be
utilised, al chlorisies haweexcabdentostatility in solid foonmamderthesstated ponditions
ghol est er ol aRg R/ Kahit4RE ARSI godcPqBaR P PRIl RAFAE Srgeles vhi ch,

wenpared with conventional forns, represent oser packi ngs
of the lipids and on the other hand have a

In addition, enantiomerically pure DOTAP chlorides have different physi-
15 cal properties to the racemate, in particular in combination with chiral
compounds, such as the phospholipids or cholesterol.

The novel properties found for the enantiomerically pure DOTAP chlo-
rides can advantageously be utilised, alone or in combination with suit-
20 able phospholipids, cholesterol and derivatives thereof, to provide novel

liposome grades which, compared with conventional forms, on the one
hand represent closer packings of the lipids and on the other hand have a
more uniform structure. Thus, liposomes prepared from the pure enanti-
omers exhibit a 5°C higher principal phase transition temperature com-

C 25 pared with the liposomes comprising racemic DOTAP chloride. This is a
measure of the packing density. Liposomes comprising DOTAP chioride
enantiomers therefore also have reduced leaking of the compound incor-
porated in them.

30 This has the consequence that liposomes charged with pharmaceutically
active compounds will release active compounds in a delayed manner in
interaction with the metabolism in the human or animal body. In particu-
lar, sensitive active compounds can thus advantageously be transported
in @ more specific manner to the desired site or organ where the medi-

35 cament action is desired.



nmore uni formstructure. Thus, |iposomes prepared fromthe pure enanti- oners
exhi bit a 5C higher princi pal phase transition tenmperature com C 25 pared
with the |iposones conprising racem ¢ DOTAP chloride. This is a neasure of
the packi Qg s8f)edestp Li posones conprising DOTAP chloride  @pgfiph6U3Ri 74
therefore al so have reduced | eaki ng of tnl;@ conpound incor- porated in them
30 This has the consequence that |iposoffes charged with pharmaceutically
active compounds will release active conpounds in a del ayed manner in

i nteracti on WhehDOTARwhidridée emantiohiershalsarextibit ninrparticatér.inloonphing- c u-

more spoci 11 LORSRRRERIEP TRR, Shefih éﬁ#ép@&@ﬂéaﬁﬁ%é PR AR
action is dethereef, transfectiooTsepertresrwhici difericelizline-specificallyoTAP chl ori de
enantiomers al so exhibit, in particular in conbina- tion W|th chiral |ipids,

such as phosphol | pi ds choles rol and derivatives,K thereof, transfection
properties \M%lqm glnfeaara,tm O# ﬁ}ﬁ?ﬁs@%\‘ﬁf liraganpes FHbis pRESIH farr the BArsoN t hese

novel f 15 pf)lsoﬁkmed in the mspebifﬁ:a‘n rtotdetetea Jorm dr & seHbiRfmixinghatior of
specifically,t

chiori des t MRS HRBY ﬁé’éﬁpﬂ%ﬁ&@vstnsoxw@da'.neomfeﬁécn@ea@ﬁPﬂaonteé?r?rv'ngnove|
properties. Ceraimneuel propertiesquently furthernore also relates to the
pharmaceuti- 10 cal conpositions resulting fromthe use of the DOTAP
chloride forns clainmed. Pharmaceutical conpositions of this type can
conpri se t he Theripyeationmansequentysughe(mareplso (elsfes tnthe pm:maxrem-

chlori gg tog%pe ijﬂ th?ﬁ’é P%éulﬁﬁ%@?ﬁ%é'd‘s@ ofifHe BOT ? Known
adj uvants usu- .a L n canment aration, as well as one or
nore sol - 15CI& ﬁﬁimp%l'oﬂﬁrﬁiégistWBRSC%ﬁomﬂﬂsee%pl e, be

P the form efysthl nmmmrhs BPER)SY, (I8)C PRI (IR)-DOTAPEHIONAEbgeters and
rom t etge 1 des,

e o0 avaﬁwxaﬂﬁﬂ{mé‘r&%@etthfa%&epﬁ?&ﬁc” ROF4S &R Kiitin S ivantS TRL-

ally employed in medicament preparation, as well as one or more sol-
15 vents.

These pharmaceutical compositions can, for example, be in the form of
liposomes, lipoplexes, microemulsions and nanoparticles and include, for
example, an active compound from the group of the peptides, nucleo-

20 tides, vaccines or cytostatic agents.

The present description enables the person skilled in the art to apply the
invention in a comprehensive manner. In addition, the following examples
serve for better understanding and for illustration of possible variants of

25 the invention. These examples should therefore in no way be regarded as
restrictive.

C

All temperatures mentioned in the following examples are indicated in
degrees Celsius. Unless stated otherwise, content data are given as %
30 by weight.

35



The present description enables the person skilled in the art to apply the
I nvention in a conprehensive manner. In addition, the foll ow ng exanples

serve for derstanding and for illustration of pos s of
25 the in\‘/‘;e%ﬁ%oto%h“y&nese exanpl es should therefore in no m?’cﬁ@e“?@@@%
restrictive. Al tenperatures nentioned-ild 4he follow ng exanples are

indicated in degrees Celsius. Unless stated otherwi se, content data are
given as % 30 by weight. 35 WD 2006/ 056312 PCT/ EP2005/011874 -11 Exanpl es

for illustra tion J]e 1 Stabilities 5 In order to
determi ne thg"é(hﬂrqsf# ﬁp ??F?QFSI‘I?{ETE@WKP"CN orides, the substances are
stored together wth conparative sanples at 25C and 60% relative humdity
wi th excl usi ﬁiﬁﬁ' E! The remai ning content of DOTAP chloride is neasured
at periodic i P and quoted in com 10 parison to the initial value. C
The purity aStabiitiesit of DOTAP chloride are determ ned by nmeans of HPLC.

For type I, the follow ng values are found 15 The stability determ nation
can be repeated at any desired tine, - ues indicated in Table 1 are

repr oduci bl e Inpsdecto detarmine dhe @tﬁhlhtseszfa@eﬁtelhne@mpﬁl?r@htomes; Rheri de
crystal l'ine fgyB8tdndeslare stofed fogéthe wWitH 86/ t|9e3§¥i’n |e§0£t£5@%n‘a 100.0

25 % b 0 97. % 9% .97. 2% 98. 2%
b by el 9%‘02 rePatlve huron?c] ty with éxclusion‘of ar. 17he rema |ng content of
DOTAP chloride is measured at periodic intervals and quoted in com-
10 parison to the initial value.

C The purity and content of DOTAP chloride are determined by means of
HPLC. For type |, the following values are found:

15 The stability determination can be repeated at any desired time, the val-
ues indicated in Table 1 are reproducible.

Table 1:
20 (R,S)-DOTAP Exposure time in months
chloride
crystalline type | 0 1 2 3 6 12
Area-% 100% | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
% % % % %
- 25
% by weight 98.6% | 97.% | 97.9% | 97.2% | 98.2% | 98.7%
Example 2
30

[Powder X-ray diagrams]

For characterisation of the structural properties (crystal modifications) of
crystalline DOTAP chiorides, powder X-ray diagrams (diffraction spectra)

35 of these substances are recorded.



30 [Powder X-ray diagrams] For characterisation of the structural properties
(crystal ons) of crystalline DOTAP chlori des,

di agr anms | %%@H on spectra) of these _substances are recoréﬁ)é%ségﬁvb
2006/ 056312 PCTI EP2005/ 011874 -12 CrystdBli ne DOTAP chl ori des gi ve spectra
with noderately sharp bands which have relatively good resolution for

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

Spoct ra aro CRYRINE BRIFAR QGrBesHive shedalhih Bnoabrine MATHEHL | )

and Fig. 4 (whieh havg refativety gpadi resojutiors fordipidsn Bihe spectnasindicateyhigh
| abl T 2
[ ts sel ect oY SATHE CORERLSE NG aitpol fadtions SATBisRIE iderifle BolaF. |

raceni c and iSVB@IMISHRSGARB.|y pure DOTAP chl ori des Table 2: 15 Type
Selectgd 2 theta values Type | racemc 12. 6 19 5, 20.2, 21.5 and 25.2 Type
11 3.3, 4.9, 19.3,, 20..0 a 20 T nd 25.
Type |V enanﬁl"@ﬁmlpéegfl%pe&%are@hqwn 6%9 idty})e Qng@lz ztypsd.l)eh@ &xanpl e 3
Pri nci pal phﬂypet|t|§amdtmgn4t( iMtjures 30 Differential scanning caliometry

(DSC) measur %?r&ofhﬁér?s ﬁ”é ss cﬁﬂ}n 8f'a commercially available, amorphous
sample is shown in Fig. 5 (amorphous).

10
Table 2 lists selected 2 theta values for the various crystal modifications
C of racemic and enantiomerically pure DOTAP chlorides:
Table 2:
15
Type Selected 2 theta values
Type | racemic 12.6, 19.5, 20.2, 21.5 and 25.2
Type Il 3.3,4.9,19.3, 20.0 and 23.5
20
Type llI 2.8,5.8, 20.0, 21.2 and 25.1
Type IV enantiomerically 12.8, 194, 19.8, 20.2, and 21.5
pure
& 25
Example 3

Principal phase transition temperatures

30 Differential scanning caliometry (DSC) measurements are carried out on
multilamellar liposomes in water. Liposomes are prepared by the thin-film
method from the calculated amounts of racemic or enantiomerically pure
DOTAP chloride. The lipid concentration here is in each case 0.1 g/ml.
Suitable amounts of these

35
dispersions are then introduced into sealable aluminium crucibles and



multilanmellar |iposones in water. Liposones are prepared by the thin-film
met hod fromthe cal cul ated anbunts of racem c or enantionerically pure

DOTAP chl W%%ﬁ?ms—w lipid concentration here is in each ca§§T&P%00g/0§q874

Suitable a S Of these 35 dispersions are then introduce nto seal abl e
al umi ni um cruci bl es and WO 20061056312 PA¥/-EP2005/ 011874 -13 measured usi ng
a 204 Phoeni x calorineter (Netzsch, Seib, Germany). In each case, three

successive hogéadigedanling® 200 PHocrix calfFimeterXMetzaek, Sens, Germnuhyiinl

Cmn. F |l th P chlorid i . o
5 bel ow 0C APBChGERE, TRISE SURFRSYS AEaHDEIGaDIng HUES oM ki 380G ™ 558

to -24C. Dif bee earried ottt abdAC/mireni ¢ and enantionerically pure DOTAP
chloride are in each case evident in the heating cycles. (2R)-DOTAP
chloride and (2S)-DOTAP both exhibit an endotherm c phase transition around
-12.5C1 whi | EFortadl three OO TAR Chlosides variamts, phase tnansition temperaturessc (see

Fig. 6 Exa o i i id i e nd
enant i )05meri cal &Nj;? QQWCmﬁpgﬁﬂw%@e%%%ﬂﬁﬁ%? %Sgu f??.écgr e
each di sper s&l‘éﬂt& Pifterenses heatweendacenyc andeaaptiomerioadlyiRWBsf ect i on

nmedi um and t XETAP ghiofidel aretipoadch cabe evidént indRBhektih lesasm d sol ution

are m xed andg,| t r. 15 m,n: apount s .. per | : 2 pg of
ol s o1 8 pg BRIGTAP shidride ik 1257-OTEP bOllF eRhbia epdBinarafic” s
renoved fromphiasedeansition aroundi-62.5C,3vKilé thecphase transifion festhenrbesm i s
added, dt | XLUr 8= don | for a further 20 hours. After work-up,
FACS ar?a ySi %t?o'%é{CqZ§i§ k%#gﬂée@r ansfection for all |ipoplexes. A
significant difference between the transfection rates for the individual
brpid mxtures is evident:
L

Example 4

Transfection properties on COS-7 cells

15

Racemic and enantiomerically pure DOTAP chloride and racemic

DOTAP methylsulfate are each dispersed with the same amount of cho-

lesterol in the transfection medium and treated with ultrasound. The lipo-

somes and GFP plasmid solution are mixed and incubated for 15 min-

20 utes,

amounts per 6well: 2 pg of plasmid/8 g of lipid.

After incubation for 5 hrs, the supernatant is removed from the cells by

suction at 37°C/5% CO2, 2 ml of fresh medium is added, and the mixture

N is incubated for a further 20 hours. After work-up, FACS analysis shows

C 25 efficient transfection for all lipoplexes. A significant difference between

the transfection rates for the individual lipid mixtures is evident:

(R)-DOTAP chloride/cholesterol complex: 32.4%
(S)-DOTAP chloride/cholesterol complex: 11.0%
30 (R,S)-DOTAP chloride/cholesterol complex: 25.9%

(R,S)-DOTAP methylsulfate/cholesterol complex: 20.2%

35



(R) - DOTAP chl ori de/ chol esterol conmpl ex: 32.4% (S)-DOTAP

chl ori de/ chol esterol conplex: 11.0% 30 (R, S)-DOTAP chl ori de/ chol est erol
conplex: 25.9% (R, S)-DOTAP net hyl sul fate/chol esterol conplex: 20.2% 35 WO
2006/ 0563 005/ 011874 -14 PATENT CLAIMS 1. Cryst all :
(29S) - and&(%)zé)g%;(ﬁ%gr%P chloride. 2. Crystalline (2R S)-DOTAEbg)%?ééoig}daé@% 3.
(2R, S) - DOTAP chl oride according to Claim 4 havi ng 2 theta values of 12.6,
19.5, 20.2, 21.5 and 25.2. 4. (2R, S)-DOTAP chl oride according to Claim2
having 2 theta values 10 of 6 BPATXEMN T3CL A M S0.2, 21.5, 25.2 and
29.8. 5. (2R S)-DOTAP chl oride according to Caim2 having a spectrum as
shown in Fig. 1 (type I) 15 6. (2R S)-DOTAP chlori de according to Claim2
havi ng 2 thefla v&rystaliing (2RH)-428)- and3(2RDO AR cldodder. (2R S)- DOTAP
chl oride according to Claim?2 having 2 theta values of 3.3, 4.9, 15.1,
16.2, 19.3, 20.0, 23 .5 an 4.3 . (2R, S) - DOTAP chl oride according to
C ai m 2 havi Rg a%é@?"'?ﬁr? ,S)s%ﬁl?(\lgrpf&%de-z (type 11) 9. (2R S)- DOTAP
chlori de according to Caim?2 having 2 theta values 25 of 2.8, 5.8, 20.0,
21.2 and 25.1 10, S I AP chl.ori de cor di tQ.C ai having 2 theta
vai ves of 2%, LR SHBOTARLNSN9 aseosding Tots i 2 nayid 2 gty vafes

(2R ' S) - DOTAP chl of 1@e6,at%.61 A0} 2h5@rnd 862.havi ng a spectrumas shown in
Fig. 3 (type Il1) 12. (2S)- and (2R)-DOTAP chloride. 35 13. Crystalline

(2S)- and (2R)-DOTAP chl ori de. ) ) ) ]
4. (2R,S)-DOTAP chloride according to Claim 2 having 2 theta values

10 of 6.5, 12.6, 13.4, 19.5, 20.2, 21.5, 25.2 and 29.8.
x.- 5. (2R,S)-DOTAP chloride according to Claim 2 having a spectrum as
shown in Fig. 1 (type 1)
15 6. (2R,S)-DOTAP chioride according to Claim 2 having 2 theta values
of 3.3, 4.9, 19.3, 20.0 and 23.5.
7. (2R,S)-DOTAP chloride according to Claim 2 having 2 theta values
of 3.3,4.9,15.1,16.2, 19.3, 20.0, 23.5 and 24.3.
20
8. (2R,S)-DOTAP chloride according to Claim 2 having a spectrum as
shown in Fig. 2 (type Hl)
9. (2R,S)-DOTAP chloride according to Claim 2 having 2 theta values
C 25 of 2.8, 5.8, 20.0, 21.2 and 25.1

10. (2R,S)-DOTAP chioride according to Claim 2 having 2 theta values
of 2.8,5.8,12.9, 15.9, 20.0, 21.2, 25.1 and 29.4.

30 11. (2R,S)-DOTAP chloride according to Claim 2 having a spectrum as
shown in Fig. 3 (type Iil)

12. (2S)- and (2R)-DOTAP chioride.

35 13. Crystalline (2S)- and (2R)-DOTAP chloride.



WO 2006/ 056312 PCT/ EP2005/ 011574 -15 14. (2S)- and (2R)-DOTAP chl ori de
according to Claim13 having 2 theta values of 12.8, 19.4, 19.8, 20.2, and

21.5. 15. (2R) - DOTAP chl oride according to C ai i 5
theta valn&%;‘%?m%gg, 12.8, 19.4, 19.8, 20.2, 20.7, 21 .5 a 511%’2‘%%5}39’?2‘?
(.2S)- and (2R)-DOTAP chl ori de accordi ng-tld -Cl ai m 13 having a spectrum as
showmn in Fig. 4 (type IV) 10 17. Process for the preparation of crystal
nodi fications of (2R §)-, (29)- and (2R) DOTAP chl oride, characterised in
that the crystallisati ion is _carr fromone or _nore aprotic solvents.

18. Process flé {22)- @%@E)—DQTAP %h“%'ﬂ&l agrerding:ta Coaien 48 having2 | (2s) -

15 and (2R) - DOTAfheth vEILES ofA28 94 19 &1 202 hhd Zh@& acterised in that the
aprotic solvent enployed is an ether selected fromthe group

t etrahydrof uran, nethyltetrahydrofuran, dioxane, diethyl ether, dipropyl
ether, dii sopSop(/ZS)atarm‘ (ZREDGTAR chlent‘letncl:c;drdmg‘ltu Claim 43 mavingr2 of these

ethers 20 19. p. tho I ns of

(2R, S) (2S) - aﬂ%?%‘u%%ﬂige%‘ 1%?21(]? %ci%?d % ‘ts%@a zﬁ?%‘aa%ﬁr acterised
in that the aprotlc sol vent enpl oyed is a ketone sel ected fromthe group
acetone, 2-bygan [y@-g ket one,
or am xture of %@% é’fgﬁgﬁlﬁés Awé?'???%ﬁ%ﬁlﬁf%ﬂ%ﬁg?ﬁgﬁt\ngg crystal
nmodi fi cati ons of SPQ ram as spown Khbig- ARty chi ori de according to d aim
17, characterised in that the aprotic solvent enployed is acetonitrile. 30

21. P f f | f 25) -
21, PSS SRR B oo B LA 8L A4S o )
sol vent enpl oyedand (QR)GEOSI AR d@htoriicel, ¢hanacteresexpt ﬂ‘uthatthelcrysﬁtaNmHtmn iset hyI

et Sy SCoiAEpBROM bRl i i erts 2cetete: DUyl acetate

18. Process for the preparation of crystal modifications of (2R,S)-, (25)-
15 and (2R)-DOTAP chloride according to Claim 17, characterised in
that the aprotic solvent employed is an ether selected from the
group tetrahydrofuran, methyltetrahydrofuran, dioxane, diethyl ether,
dipropyl ether, diisopropyl ether and methyl tert-butyt ether, or a
mixture of these ethers.
20
19. Process for the preparation of crystal modifications of (2R,S)-, (2S)-
and (2R)-DOTARP chloride according to Claim 17, characterised in
that the aprotic solvent employed is a ketone selected from the
group acetone, 2-butanone, methyl isobutyl ketone and methyl iso-
C 25 propy! ketone, or a mixture of these ketones.

20. Process for the preparation of crystal modifications of (2R,S)-, (2S)-
and (2R)-DOTAP chloride according to Claim 17, characterised in
that the aprotic solvent employed is acetonitrile.

30

21. Process for the preparation of crystal modifications of (2R,S)-, (2S)-
and (2R)-DOTAP chloride according to Claim 17, characterised in
that the solvent employed is an ester selected from the group ethyl
formate, methyl acetate, ethyl acetate, propyl acetate, isopropyl

35 acetate, butyl acetate, isobutyl acetate, dimethyl carbonate, diethyl
carbonate and 1,3-dioxolidin-2-one, or a mixture of these esters.



carbonate and 1, 3-di oxolidin-2-one, or a nmxture of these esters. WO
2006/ 056312 PCT/ EP2005/011874 -16 22. Process according to one or nore of

Clainms 17 aracterised in that an aprotic rredluml he
f or m of h%?@ﬂs@ ith an al cohol selected fromthe group ﬁ%?l,ls'}“
et hanol , n propanol, iso- propanol, n-bul@nol, isobutanol, 2- but anol ,

tert-but anol, 3-net hyI 1- butanol, ethylene glycol, net hoxyet hanol and

et hoxyet hanolpp opy; Wbée% a%cﬂhdﬁhgrts%ﬁe%"ﬁf Aidre SFCIAARCE? fo 29° ehradietiSefl 2l m

17, characterlsed N | sa- 1S carrl Lrectly from

the reaction sol if Qﬁf%?ﬁfﬁﬂc B?é/ Hm is Hs$ed Hh% Q)fpmlg a/mixE with 3R cor di ng
to daimil7, chaghedhulisetected fromithe goupmisthanskaethans!, afprapanohdse- or

tall 2R, R 5 25,
LA 1 R opahe el R Tulisb AR o122
constituent for tbuwammlepﬂ'lyienerglyﬁolnm&tbexyzetlmno]!&nd@hoﬂetﬁar(ot&r withd
(2R) - DETAP chl Or'n"?&ttﬂ’é qﬂgfédtuent for the preparation of nedicanents. 20

[

27. Pharmaceuti cal “conpositioh conprising crystal nodifications of (2R S)-
(2S)- and (2R)-DOTAP chl ori de together w th phar maceutl- cal active

compounds, a%yvﬁbéfé a%céﬂ‘llh?rtb Claim #2 &ﬁalrgrl S aCC Qhe‘i;‘?%l@ﬁ gd-on

conprising (2R S) tQ C[a|m27
characterised i ntioRd Q%Bearﬂ%ﬂﬁe%‘émfrem h?cﬁ%' ﬁB "E‘ﬂm WRIPT s an

active conpound pgifieatioft. f rom the group of the peptldes nucl eot i des,

vacci mi@ and cytostatic agents. 30 29. Pharnaceutical conposition
conprising crystal nodifications of (2R S)-, (2S)- and (2R)-DOTAP chl ori de
accor di ng t o 24.aiRrogé&ss according to Claim 17, characterised in that a recrystallisa-

f:_ tion of amorphous or crystalline (2R,S)-, (2S)- or (2R)-DOTAP chlo-
ride is carried out.

15 25. Use of crystal modifications of (2R,S)-, (2S)- and (2R)-DOTAP chlo-
ride as constituent for the preparation of medicaments.

26. Use of of (2S)- and (2R)-DOTAP chloride as constituent for the
preparation of medicaments.
20
27. Pharmaceutical composition comprising crystal modifications of
(2R,S)-, (2S)- and (2R)-DOTAP chloride together with pharmaceuti-
cal active compounds, adjuvants or a solvent.

N 25 28. Pharmaceutical composition comprising (2R,S)-, (2S)- and (2R)-
DOTAP chloride according to Claim 27, characterised in that the
pharmaceutical active compound employed is an active compound
selected from the group of the peptides, nucleotides, vaccines and
cytostatic agents.

30
29. Pharmmaceutical composition comprising crystal modifications of
(2R,S)-, (2S)- and (2R)-DOTAP chloride according to Claim 27,
characterised in that it has liposomes, lipoplexes, nanoparticles or
microemulsions.
35



characterised in that it has |iposones, |ipoplexes, nanoparticles or
m croemul si ons. 35 WO 2006/ 056312 PCT/ EP2005/0 1 18 74 -17- 30.

ﬁharnaceu&kf h%ﬁg osition conprising (2S)- and (2R)-DOTAP8F$&&§&%@§WF4 3
) 0 . 1.

t oget her w ceutical active conpounds, adjuvants
Phar maceuti cal conposition conprising (23—~ and (2R)-DOTAP 5 chloride
according to Claim30, characterised in that the pharma- ceutical active

compound ep! gy eCoharscARCH LAABHANEA SUinpliEREGIY Hid (FREDRPAP! ¢ he

pepti des, nucleotides, vaccines and ¢ .

Phar maceut i cal cdipieddetegethenwith phar utigabiactivg compunds, asiuvants
according to C aigng3Qolvdmracterised in that it has |ipo- 01 sones,

| i popl exes, nanoparticles or mcroenulsions. 15 20 C 25 30 35

31. Pharmaceutical composition comprising (2S)- and (2R)-DOTAP
5 chloride according to Claim 30, characterised in that the pharma-
ceutical active compound employed is an active compound se-
lected from the group of the peptides, nucleotides, vaccines and
cytostatic agents.

10 32. Pharmaceutical composition comprising (2S)- and (2R)-DOTAP
chloride according to Claim 30, characterised in that it has lipo-
somes, lipopiexes, nanoparticles or microemuisions.
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