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CAS numbers: 132172-61-3 and 477274-39-8 (racemate),
197974-73-58 (racemate, monohydrate)
20 428506-51-8 (2S form), 328250-28-8 (2R form)

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 aiso lipophilic substances can be mcorporated into
the inside of the lipid membrane.
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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
35
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- Tg the abilivikrQdmbidions Bie ebiBRhIRf @8berse, single-phase systems compris-
ing aqueous, lipid-like and surfactant components. They have a particle
size of 1-500 nm and behave in a similar manner to liquids.

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 bedy can be
slowed and a sustained-release effect achieved in this way.

. . DOTAP chiloride belongs to the class of cationic lipids. In contrast to
J 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).

35
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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.

- 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 controlied.

DOTAP chloride and other DOTAP 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 chioride 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 deliguesces within an extremely short time at
normal atmospheric humidity levels to give a greasy film. This makes
handling of this compound much more difficult.

W

25 Thus, the manufacturer of amorphous DOTAP chioride 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 chioride:

Eibel and Unger, DE4013632A1, outline the synthesis of DOTAP chloride
from DOTAP bromide by ion exchange in the chloro-
form/methanol/agueous 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.



Ei bet and Unger, DE4013632A1, outline the synthesis of DOTAP chloride from
DOTAP brom de by ion exchange in the chloro- fornf nethanol/aqueous HC
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WD 2006/ 056312 PCT/ EP2005/ 011874 -5 Leventis and Silvius, Biochim Bi ophys.
Acta, 1023 (1990) 124-132, report on the synthesis of DOTAP chloride from
DOTAP i odi de by ion exchange in the two- phase sol vent/NaC sol ution system
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methyl chloride. They apparently obtam a yellow wax by crystallisation
15 from acetonitrile at -20°C. However, DOTAP chiloride is virtually insoluble
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 alsc 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 DOTAP chlioride.

e

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 microbioclogical 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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(R or S)-1-dnhdustnidl scate- 2, 3- di ol eoyl oxypropane. 15 A further preparation
met hod whi ch nay be nenti oned is racemate reso- |lution of racemc DOTAP
chl oride. By_neans of experinments, it has now been found, surprisingly, that
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3 via (R or S)-1-chloro-2,3-dioleoyloxypropane,
via (R or S)-1-LG-2,3-dioleoyloxypropane and ion exchange (LG leaving
group) or via (R or S)-1-dimethylamino-2,3-dioleoyloxypropane.

15 | '
A further preparation method which may be mentioned is racemate reso-
lution of racemic DOTAP 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
A 25  of medicament forms. -

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 aré 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 he aprotic solvents or mixtures thereof.

The aprotic medium may also comprise protic solvents, such as, for
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, dipropyi ether,
35 | diisopropyl ether and methy! tert-butyl
ether, ‘
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possi bl e both to use the various aprotic solvents in a group in the form of
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protic solvent additions may be present in the aprotic solvent or solvent
mixture used.
15
‘Protic solvent additions of this type can typlcally consist of the following
- solvents:

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

The crystallisation of the DOTAP chloride modifications is generatly
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 chioride crystal modifications can be converted info
35 one another. The conversions can be achieved by heat



sol vents: alcohols, such as, for exanple, nethanol, ethanol, n-propanol,
l-sopropa- 20 nol, n-butanol, isobutanol, 2-butanol, tert- butanol,

3- et hyl stohotsasesiz and et hyl ene gl ycol, nethoxyethanol, eaidoeesedsansl, or
water. 25 The protic solvent additions.gay in turn be additions of the pure
solvents or of mxtures of these protic solvents. The crystallisation of

t he DOTAP chloride nodifications is generally achieved specifically by slow

cool i ng of ttheatmentarafdthedsolaitec crystabmaiifigaticnsiatelevsited/tan@eratuse
: . ‘ " L A :
[ gggﬁl :31? ino(r)I %ﬂfﬁe&éﬁé@ %éfé@%@{ﬁ&ﬁ%%@éﬁ?ngépg%s’;l?gﬁ‘é?n@él ﬁncog%li on. The

vari ous DOTARM$I ori de crystal nodifications can be converted into 35 one
anot her. The conversions can be achi eved by heat WO 2006/ 056312

PCT/ EP2005/ Q11874 -9 treatnents of . the isolate ystal, npdifications at

i evat od t enli HE8ia ADPIIYOES.PERGHIAIN RS DOTAR Chistiis 35 Sfatidade:
crystabl i satmefteriglier the rmfystaTnGathnfesawmbq@mceSSmmsch eeggatal line
DOTAP chl O“tg‘aj as SQFU@Q iFmaléle” for them.thec stﬁl | isation aives, by
the process (RINSHERINg LQTAR € Iquﬁﬁér?fgqeé‘fqri %@ﬂﬁ ISYEGr P never

hi t hert o achjethedwitly heyert loithertd Behievadsiabilidy. hi t hert o achi eved stability.
The invention also relates to the use of crystalline DOTAP chlorides for 10

the preparation of medicanment fornulations since the c[l_ystal | i ne DOTAP
chl ori des halhe éinanticmalsetretatestt the uss oticrystallina d2O TR chlagidas fedndi ti ons
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L and have constant and very good quality for a virtually unlimited time.

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 cioser 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-

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

Sl

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. |



conpounds, such as the phospholipids or chol esterol. The novel properties
found for the enantionerically pure DOTAP chlo- rides can advantageously be
utili sed,W? @553&2' n conbi nati on wit h SUI t- 20 abl e phosplqhimbisis74

chol ester erivatives thereof, rOV|de novel |iposone grades which,
eonpar ed mnth conventional fornms, on tH hand represent cl oser packlngs
of the lipids and on the other hand have a nDre uni form structure. Thus,
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of the compound incor- porated in them 30 This has the consequence that
|'i posomes charged with pharnaceutlcallﬁ active conmpounds will rel ease
active conpduerdbe prepadatioy of thessmaove hpmsmmeacrhisrpmsmietfhethmpatﬁon smin
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PCT/ EP2005/ QlekB4i4 n idEAP chloride enantionmers also exhibit, in
particular in conblna-F%§%% wth chiral |ipids, such as phOSphO|IpIdS

chol esterol and derivatives thereof, transfection properties which differ
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- Phar maceut i oslith odhprophatoaceuticalractiveypempanndsrgind keowheadjjivantssusi-
modi fi cati ongobnidRyed) in mcdtantdif p@éBéré?BFﬁ asWefl'd6né WThBR 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
o 25 the invention. These examples should therefore in no way be regarded as
restrictive. |

All temperatures mentioned in the following examples are indicated in

~ degrees Celsius. Unless stated otherwise, content data are given as %
30 by weight.

35



W th other pharnmaceutical active conpounds and known adj uvants usu- ally
~enpl oyed in nedi canent preparation, as well as one or nore sol 15 vents.
Thesé ph ical conp03|t|ons can, for exanple, be in I

i posorreg‘,g(ﬁh%%%ﬁsg m croemul si ons and nanoparticl es aﬁhﬁl&ﬁg@a}gﬁ%’f or
exanmpl-e, an active corrpound fromthe grddp of the peptides, nucleo 20 tides,
vacci nes or cytostatic agents. The present description enables the person
skilled in the art to apply the invention in a conprehensive nanner. In
addition, the follow ng _exanples serve for better understandi ng and for
i|lustrati oﬁ’tﬁmp@f@' Hllﬁtfaﬁﬁgsthﬁlm@ﬂ i nvention. These exanpl es shoul d
therefore in no way be regarded as restrictive. Al tenperatures nentioned
in the foll %ﬁn'ﬂﬁfx nples are indicated in degrees Celsius. Unless stated
ot herw se, €data are given as % 30 by weight. 35 WD 2006/ 056312

PCT/ EP2005/ &4BM{ties 11 Exanples for illustrating the invention Exanple |

St abi |étIeS 5 1n order to determne the stability of crystalline DOTAP
chlorides, the substances are stored together with conparative sanpl es at
25C and 60%mﬁatttwdete:mldetthewtalhulw(of onjistalline ROTAF chlories, theg content

e o e D e P

det er mi ned W%ﬁelﬁw@rhummw wittirexajgaion, oftdie The remainjngaansntagie found: 15

The stabil ity tlf&md?ﬁa‘f’ i%'}n%%@upé'd éFpgﬁbﬂfb fef/Als 4RY quidtel iARorke val -
ues in cated in reprodu €.
1 parison to the |n|tial value
The purity and content of DOTAP chloride are determined by means of

N

HPLC. For type I, 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
chioride _
crystalline type | 0 1 2 3 6 12
Area-% 100% | 100.0 | 100.0 ; 100.0 | 100.0 | 100.0
oy ' % % % % %
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 chlorides, powder X-ray diagrams (diffraction spectra)

35

of these substances are recorded.




Table 1: 20 (R S)-DOTAP. Exposure tinme in months chloride crystalline type |
01236 12 Area-% 100% 100.0 100.0 100.0 100.0 100.0 25 % by wei ght

. 98. 6% 970 D083 2% 98. 2% 98. 7% Exanpl e 2 30 [ Powder ¥ctayrsdsagisans] For
characterisation of the structural propenties (crystal nodifications) of

crystalline DOTAP chl ori des, powder X-ray diagrans (diffraction spectra) of
t hese substances are recorded. 35 WD 2006/ 056312 PCT/ EP2005/011874 -12
Crystalline DOTAP chl orides give spectra with noderately sharp bands which

- L . pect T 1 _ Sh oS
Crystall | ne CSIRY DQTAD ChiBRdeS qive Rctira ity H6Gb el Shar® Satid’,

i si ng mi cr o¥dUpR hayeprlathiady geodsieselvtionfer lipiden Tha spegtranindicaie high Fig. 2
(type I1), Ehﬂataﬁine(édr&éptd. INo _%lfhgobt:ﬁg@)us“fréétﬁcﬂ% hMd vishisle Whmar—a

spectrum of ,g comrercial |y avai anor phous sanple is sho n Fig. 5

(anor phous) 1S1A@ MEKPSCOPE.i sts sel ected 2 theta val ues for the various
crystd@d nodifications of racem c and enantionerically pure DOTAP chl ori des:

Table 2: 1% DRSSVt ald ShawrahtaT. D5t 1) BS ™ Svke ), FiG 3 202
(type 1lI) and Fig. 4 (type IV ). ‘
For comparison, a spectrum of a commercially available, amorphous
sample is shown in Fig. 5 (amorphous).

10 _
7 Table 2 lists selected 2 theta values for the various crystal modifications
3 of racemic and enantiomericaily pure DOTAP chlorides:
Table 2:
15
Type Selected 2 theta values
Type | racemic _ 12;6, 195, 20.2, 21.5and 25.2
Type li 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, 19.4, 19.8, 20.2, and 21.5
pure '
g 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 [ipid concentration here is in each case 0.1 g/mi.
Suitable amounts of these

35 |
dispersions are then introduced into sealable aluminium crucibles and



Type Il 3.3, 4.9, 19.3, 20.0 and 23.5 20 Type IIl 2.8, 5.8, 20.0, 21.2 and
25.1 Type IV enantionerically 12.8, 19.4, 19.8, 20.2, and 21.5 pure 25

Exanpl e ydhiceesddd phase transition tenperatures 30 Diff geqitphadsosfanni ng
calionetry (DSC) neasurenents are carri out on nultilanellar |iposones in

wat er. Liposonmes are prepared by the thin-Tilm method fromthe cal cul at ed
anounts of racem c or enantionerically pure DOTAP chloride. The |ipid
concent r at i onehsured Ysing 2204 Rheenif.chligrimeter Netzabhe SaitmuBemmany).Hase 35

2006/ 036312 Aol eF0dbA SGEE 8 YRAREIAD M I PO BT YR C0r s mot er
(Net zsch, Sdre capgedsut)at 1°&/méch case, three successive heating/ cooling

runs from-50C to +20C are carried out at 1 Cmin. For all three DOTAP

chloride variants, phase_transition tenperatures 5 bel ow OC are found. For
the cooling chrcalbﬂﬂ,reerDQTwsD.ichIcwter]vaaaa’tseupmgdramsitloamngrattgegnces

bet weed) I acqj8|6walFE; aR&FoUIRITEF bCfie &oélmg?gyél@E,Aﬁ]@% o edehaRe &4 L@l case
evident in the Hg@t hnfg cycl eéj 2R) - AP chl ori dﬁ and.q(ﬁi?-DOTAP bot h
oxhi bt an dAdaArGr PiterahceSBatsrn itamis G anenBoR kTG e phase
transition DOTARCchiRie 4f Ipeach cagt evidediGn(thechéating Bycles. Exanpl e 4
Transfecti on,ph RETASERHIEERE (58).SOTAP both exhibit an endothermic
phase transition around -12.5°C, while the phase transition for the race-
10 mate is at -17.5°C (see Fig. 6).

i
[P
o

Example 4
Transfection properties on COS-7 cells
15 :
Racemic and enantiomerically pure DOTAP chioride 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 ug of plasmid/8 pg of lipid.
After incubation for 5 hrs, the supernatant is removed from the cells by
suction at 37°C/5% CO0O2, 2 ml of fresh medium is added, and the mixture
is incubated for a further 20 hours. After work-up, FACS analysis shows
25 efficient transfection for all lipoplexes. A significant difference between
the transfection rates for the individual lipid mixtures is evident;

g

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

(R,3)-DOTAP methyisulfate/cholesterol complex: 20.2%

35



Racem ¢ and enantionerically pure DOTAP chloride and racem c¢ DOTAP

net hyl sul fate are each dispersed with the sane anobunt of cho- lesterol in

- the transfection nediumand treated with ultrasound. The |ipo- sones and GFP
"plasm d solution are m xed and incubated for 15 min- 20 utes, anounts per
Ewell: 2 pg of plasm d/8 pg of lipid. Afjer incubation for 5 hrs, the
supernatant is renoved fromthe cells by suction at 37C/ 5% C02, 2 m of
fresh mediumis added, and the m xture is incubated for a further 20 hours.

After work-up, FACS anal ysi s showpRPERfifecAeMs transfection for all
|'i popl exes. A significant difference between the transfection rates for the

i ndi vidual Lipid mxtures.d DOTAP . chl ori de/ chol est er ol
conpl ex: 3214&) %%&Q% o>( ém éﬁ'@rﬁlmé HRRMONIND PFERANGR S) - DOTAP
chl ori de/ chol esthloridec {2, TEFDG’&A?%N@ME h Rty Valiesaifef ZBol est er ol

conmpl ex: 20. 2% g% (gl(@z E ystalline
(2R, S)-1, 2-di ol é 8< nmoni um propane chloride [(2R, S)-DOTAP

chl orisde] having 2 theta vaI ues of 12.6, 19.5, 20.2, 21.5 and 25.2. 5 2.

Crystalli 2 h | orid
[ 5 oo SIS ARG AR ASBRTBrop i 2 25
20.2, 21.5, 25.¢hlanitielf2R S)meBTAqulsloﬂde] having 2 theta values of 6.5,

2R $)- 1, 2-di ol 3 hi d 2R, S) - DOTAP
(20 9)- 112, 9, o 94l g1ty s bybREIOm e agage - S o de (2009
(2R, S)-1, 2-di ol eoyl oxy 3-trinmet hyl anmoni um propane chloride 15
(2R Dgagscc»wmq%le gfw'snﬁn 2-diBRicyIvR)-aegintéthiamntorium! frdpanel 6- 2.
ghlon S)-DOTAP chioride] having 2 theta values of 3.3, 4.9,

19.3, 20.0 und 23.5.

4. (2R,8)-1,2-dioleoyloxy-3-trimethylammonium propane chloride -
15 [(2R,S)-DOTAP chioride] having 2 theta values of 3.3,4.9, 15.1,
16.2, 19.3, 20.0, 23.5 and 24.3.

5 Crystal[ine (2R,S)-1 .2-dioleoyloxy-3—trimethylammonium propane
| ~ chloride [(2R,8)-DOTARP chiloride] having a spectrum as shown in
20 Fig. 2 (type II).

6. Crystalline (2R,S)-1,2-dioleoyloxy-3-trimethylammonium propane
chioride [(2R,S)-DOTAP chioride] having 2 theta values of 2.8, 5.8,
_ 20.0, 21.2 and 25.1.
95 | , |
7. Crystalline (2R,S)-1,2-dioleoyloxy-3-trimethylammonium propane
chloride [(2R,S)-DOTAP chloride] having 2 theta values 0f 2.8, 5.8,
12.9, 15.9, 20.0, 21.2, 25,1 and 29.4.

30 8 Crystalline (2R.S)-1 .2-dioleoyloxy-3-trimethylammonium propane
chloride [(2R,S)-DOTAP chioride] having a spectrum as shown in
Fig. 3 (type i), ‘

9. (28)- and (2R)-1,2-dioleoyloxy-3-trimethylammonium propane chlo-
35 ride [(2S)- and (2R)-DOTAP chioride] having 2 theta values of 12,8,
19.4, 19.8, 20.2, and 21.5.



~ (2R) - DOTAP chl or

5. Crystalline (2R S)-1, 2-di ol eoyl oxy-3-tri net hyl ammoni um propane chloride
[ (2R, S) - DOTAP chl ori de] having a spectrumas shown in 20 Fig. 2 (type I1). -
6.'Crystalline (2R S) -1, 2-di ol eoyl oxy-3-trinmethyl anmoni um propane chloride -
{ (2R S)-DOTAP chloride] having 2 theta values of 2.8, 5.8, 20.0, 21.2 and
25.1. 25 7. Crystalline (2R S)-1, 2-diol eg ony 3-trinmet hyl anmoni um propane
chloride [(2R, S)-DOTAP chl ori de] havi ng heta values of 2.8, 5.8, 12.9,
15.9, 20.0, 21.2, 25,1 and 29.4. 30 8. stalline

(2R, S)-1, 2- dil6 eE%Sb@rLCB(RR)-ﬁeZWlemmy nimeftihylammobhium geopane cje-DOTAP

chior i de] havi "Oride JERS}d FWAPrthEhEeLﬁa(rfrmOQ_tﬂé@valg (#9.5, and
(291, 2 arol oy L AL R Ul Brostag K o SE AUETIS: "ana

21.5.. -15- 10. (2S)- and (2R) 1, 2-di ol eoyl oxy-3-trimet hyI ammnl um propane

chlo ride - d (2R< chl ori de avi 2 theta values of 6.5,

ohl 9 rge L3R A8 SRR L i Sassia vl iammon g Propane chio-

(2R) - 152-di ol eoym (zsyrunﬂe(m -BDOPAPUhIgridephavivy & specirude ak(shawn und

(2R) - DOTAP chl or %B%IQ spectrumas shown in Fig. 4 (type V), 12.
ra

Pr.ocess for the crystal nodifications of (2R S)-, (2S5)- und
(2R) -1, 2-di ol eoyl oxy 3 tri met hyl ammoni um propane chloride 10 [(2R S) -

Carti ed out 124 W@S&”%béeﬂgspéi’%@iéf%‘f@ b dihicrs o GRSk @83 Lion 1
et her, ketone, almtiézRéf‘] delolmylouyéi-trcmet pmaphium ipfopanhe chioride i
”Dd'f"fg“ons ofy¢ (4RIS) {28&@9 RTAP chioridel, charact rised i dhat the 23)

(2R) -1, 2-di ol eo é;' n| um propane
und (2R) - DOTAP cHyetaligt l%bﬁ)%mﬂj’ eut ffom anc;zor more aprotic s olvents se-

lected from the group ether, ketone, and ester.

13. Process for the preparation of crystal modiﬁcations of 2R,8)-, (28)-
15 und (2R)-1,2-dicleocyloxy-3-trimethylammeonium propane chloride
[(2R,8)-, (28)- und (2R)-DOTAP chloride] according fo claim 12,
characterised in that the aprofic solvent employed is an ether se-
lected from the group tetrahydrofuran, methyltetrahydrofuran, diox-
" ang, diethyl ether, dipropyl ether, diisopropyl ether and methyl-tert—
20 bufy! ether, or a mixture of these ethers.

14. Process for the preparation of crystal modifications of (2R,S)-, (28)-
und (2R)- 1,2-dioleoyloxy-3-trimethylammonium propane chloride
[(2R,S)-, (28)- und (2R)-DOTAP chloride] according to claim 12,
25 characterised in that the aprotic solvent employed is a ketone se-
lected from the group acetone, 2-butanone, methyl isobutyl ketone
und methyl isopropyl ketone or a mixture of these ketones.

15. Process for the preparation of crystal modifications of (2R,S)-, (28)-
30 und (2R)- 1.,2—dioIeoyloxy—S-trimethylammonium propane chioride
[(2R,S)-, (28)- and (2R)-DOTAP Chlorid] according to claim 12,
characterised in that the aprotic solvent employed is an ester, se-
lected fram the group ethyl formate, methyl acetate, ethyl acetate,
propyl acetate, isopropyl acetate, butyl acetate, isobutyl acetate, di- -
35 methyl carbonate, diethyl carbonate and 1,3-dioxolidin-2-one, or a
mixture of these esters. :




characterised in that the aprotic solvent enployed is an ether se- |ected
fromthe group tetrahydrofuran, nethyltetrahydrofuran, diox- ane, diethyl

et her, dipropyl ether, dilsopropyl ether and nethyl-tent: 20 butyl ether, or
“a mxture of these ethers. 14. Process for the preparation of crystal

nmodi fications of (2R S)-, (2S)- und (2R)-1, 2-di ol eoyl oxy-3-trinmet hyl anmoni um
propane chloride [(2R S)-, (2S)- und (2R- DOTAP chlori de] according to
claim 12, 25 characterised in that the aprotic solvent enployed is a ketone

o T sap oo PRocessueceriihg o orf bpirRie 17 thailtrls H20RS ceaheme. o
preparation of claFs® M(ﬂnf ?E’Eﬁﬁ\cdﬁgdﬂ*m(i% Hsgd in %?ﬁ'ﬂ%@f %H&iXﬁ"e Wi{h
(2R) -1, 2- di ol eoyhpaleShol salettnd fromothiaigraum pestaanbl, athdaol, [(-gRydEnal, (2S) -

aprotic solvent SrBoansh3thftalthRoBLEMRI 2 SRRl BB BREL S aielbl-
formate, methyl hduitane), ethiwleneaglycal, enethonyeiharalard ethoxymthapyll oncet at e,
butyl acetate, iﬁﬂﬁgﬁ?ﬁgﬁﬁgﬂﬂ%@Dﬁdi 35 net hyl carbonate, diethyl carbonate

and 1, 3-di oxol i di'n- m xture of these esters. -16- 16. Process
according to one or nore of the clains 12 to 15, character ised in that an
aprotic nedi i i - f ) sl sl ect ed
Fom the. or oL iy Seesr AuchairsPER 12 cHathetetistd it thab e €A RaliSalih

i sobut anol , 2- bui®RarTied eut directliidromdhedgeagtion sohutiomwithost myios NGt y col |
met hoxyet hanol anpgtighhoxyethanol, or 5 with m xtures thereof. 17. Process
according claim 12, characterised in that the crystallisation is carried
out diﬁ@ctly fromthe reaction solution without prior purifi- cation. 10 18.

Process accord. nfProcasadbtordingr clairgriz eharactdrizedanrthat aveghydtatisaton of

amorphous or crygealh Lishduiortrysthifine (@R 842 B8) of (ZRE £2ai81E6yIoxy-
3-trimethylammonium propane chloride [(2R,S)-, (25)- or (2R)-
DOTAP chloride] is carried out.

15 _ _
19. Use of crystal modifications of (28)- and (2R)-1,2-dioleoyloxy-3-
trimethylammonium propane chloride [(2S)- und (2R)-DOTAP chlo-
ride] according to one or more of the claims 1 — 11 as constituent
for the preparation of medicaments.
20
20. Pharmaceutical composition comprising crystal modifications of
(28)- and (2R)-1,2-dioleoyloxy-3-trimethylammonium propane chlo-
ride [(28)- and (2R)-DOTAP chloride] according to one or more of
the claims 1 - 11 together with pharmaceutical active compounds,
25 adjuvants or a solvent.

21. Pharmaceutical compaosition according to claim 20 comprising {25)-
and (2R)-1,2-dioleoyloxy-3-trimethylammonium propane chloride
[(2S)- und (2R)-DQTAP chioride], characterised in that the pharma-
30 ceutical active compound employed is an active compound se-
lected from the group of the peptides, nucleotides, vaccines and cy-
tostatic agents.

22, Pharmaceutical composition according to claim 20 comptising crys-
35 tal modifications of (25)- and (2R)-1,2-dioleoyloxy-3-
trimethylammonium propane chloride [(2S)- und (2R)-DOTAP Chio-



3-trinmet hyl anmoni um propane chloride [(2R S)-, (28)- or (2R)- DOTAP
chloride] is carried out. 15 19. Use of crystal nodifications of (2S)- and
(2R)y- 1, 2-di ol eoyl oxy-3- trinethyl ammoni um propane chloride [(28)- and
(2R) - DOTAP chl o- ride] according to one or nore of the claims | - 11 as
constituent for the preparation of nedicanments. 20 20. Pharnaceuti cal
conposi tion conprising crystal nodificatil@as of (2S)- and
(2R) -1, 2-di ol eoyl oxy-3-tri met hyl ammoni um propane chlo- ride [(2S)- and

(2R) - DOTAP chl or 'rfﬂﬁ] éﬁﬁﬁﬁcﬂeﬂgeﬁ@n%‘ﬂlpha%@s@heé hﬁ)dﬁlé&é‘@ nhnopbl‘tll oget her
wi t h pharmaceutic active conpounds, 25 ad] uvants or a sol vent.

Phar maceut i cal ﬁ%%?fﬁ‘&ﬁo%%'ﬁnﬁg to claim20 conprising (2S)- and

(2R) - 1, 2-di ol eoyl oxy-3-trimet hyl ammoni um propane chloride [(2S)- and
(2R) - DOTAP chl oride], characterised in that the pharma 30 ceutical active
conmpound enpl oyed is an active conmpound se- lected fromthe group of the
pepti des, nucl eoti des, vaccines and cy- tostatic agents. 22. Pharnaceuti cal
conposition according to claim 20 conprising crys- 35 tal nodifications of
(2S)- and (2R)-1, 2-di ol eoyl oxy-3- trinmethyl anmoni um propane chl oride [(28)-
and (2R)-DOTAP Chlo -17- ride], characterised in that it has |iposones,

| i popl exes, nanoparti- cies or m croemnul sions.



