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Abstract

In order to form liposomes with a longer half-life in blood, use is made of defined
compounds with the general formula (A)
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Phosphatidyl oligoglycerois
Specification

The invention relates to phosphatidyl compounds which contain a defined hydrophilic

residue, and to fong-circulating liposomes.

Conventional liposomes circulate in the serum for up to 5 hours. However, especially
when liposomes are used as a means of drug delivery, it is desirable that they circu-
late in the bloodstream for as long as possible.

To this end, the so-called "stealth liposomes” were developed, which are not de-
stroyed in the bloodstream so quickly. These "stealth liposomes” are built up on the
basis of phosphatidyl compounds which have an extended polyethylene glycol resi-
due. The polyethylene glycol residue proved to be most effective in producing the de-
sired increase in liposome survival duration when the molecular weight was between
2000 and 3000. A serious disadvantage, however, of these "stealth-liposomes”, ie, of
these phosphatidyl compounds with a polyethylene glycol residue, is that the com-
pounds are not exactly defined, since the polyethylene glycol residues dispiay different
chain lengths.

Maruyama et al. {int. J. Pharmac. 111 (1994), 103-107) suggested the use of dipalmi-
toyl phosphatidyt polyglycerols to lengthen the duration of liposome circulation. How-
ever, since technical-grade polyglycerols were used as starting material, no uniform
products were obtained here either. Technical polyglycerols, which consist of a mix-
ture of polyglycerols with different chain lengths and monoglycerol, and which are
characterized by their average molecular weight, were phosphatidylated by means of
phospholipase D. The resuiting products only ied to a small increase in the survival
duration of liposomes in the biood.

The object of this invention was thus to provide compounds which increase the sur-
vival duration of liposomes and which are of exactly definable composition.

This objective is established according to the invention by means of a compound with
the general formula (A)
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where R' and RZ, Independent of each other, stand for hydrogen or a saturated or

unsaturated alkyl or acyl residue. which may be branched and/or substituted. R®
stands for hydrogen or an alkyl residue,

N =Qor1,
X IS @ whole number from 1 to 4 and
m IS @ whole number from 2to 10 if n = 0, or a whole number from 1to 10 if n = 1,

or 11f x s greater than 1,

and where, in the case that n = 0. the compound is more than 90 % uniform with re-
spect to the value of m.

The stepwise synthesis - upon which this invention is based - of the hydrophilic resi-

dues of the phosphatidyl compounds of formuia (A) makes it possible to obtain com-
pounds of an exactly defined composition.

The compound of the invention, with the formula (A), is thus not a mixture of various
molecules of indefinite composition and chain length, but can be synthesized to have
precisely the desired structure. If, for example, the desired product is a triglycero! de-
nvative, ie, x =1 and m = 3 in formula (A), the content of monoglycerol. diglycerol,
tetraglycerol and higher oligoglycerol derivatives will be low. It is preferable if a glycerol
derivative_of a certain chain length is obtained that is largely free of glycerol deriva-
tives of other chain lengths. The content of monoglycerol dernvatives, in particular, is
low, amounting to less than 5 %, preferably less than 1 % or, even more preferably,
less than 0.1 % relative to the desired oligoglycero! derivative.

According to the invention, the compound of formula (A) is a uniform compound of
defined structure. It is of advantage if, with respect to the value of m, the compound is
greater than 95 % uniform. It is to greater advantage if it is more than 99 % uniform:. It
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IS even possible to provide a compound which is more than 99.9 % uniform with re-
spect to the value of m.

The compound is preferably an oligoglycerol derivative with 2 to 9 glycerol units, more

preferably with 2 to 4 glycero! units. it is to advantage if these are 1.3-linked linear oli-
goglycerol residues.

According to the invention, the residues R’ and R? Independent of each other, stand
for hydrogen, a saturated or unsaturated C1-Cos alkyl or C4-Co4 acyl residue, preferably
hydrogen or a saturated or unsaturated Cg-C24 alkyl or Cs-Co4 acyl residue, it being

beneficial if it at least one of the residues R’ and R%is an acyl residue.
The residue R’ is preferably hydrogen or an alky! residue with 1 to 4 carbon atoms.

The compound of formula (A) can be a racemic compound which contains a phospho-
rac-(1 or 3)-oligoglycero linkage, or it can be in the form of a stereospecific isomer.

The stereoisomers can have a phospho-sn-1-oligoglycerol linkage or a phospho-sn-3-
oligoglycerol linkage. The formation of the stereospecific linkage can be carried out in
a manner analogous to those described in the literature (DE 31 30 867 A1; H. Eibl et
al., Chem. Phys. Lipids, 28 (1981), 1- 5 41 (1986), 53-63 and 47 (1988, 47-53).

The subject matter of the invention also includes liposomes which contain phospholip-
Ids and/or alky! phospholipids, maybe cholesterol, and 1 to 50 mol % of g compound
with the general formula (A),

" 53 T
?Hz-(’ZH—CH——O—Ii’—O -CH,-CH,-N*} |-CH, {-CH |-CH,-0| -H
J !
O O o) R’ OHI, "
l | -
R* R? ol

or salts thereof, where the cholesterol. the phospholipids, the alkyl phospholipids and
the compound of formula (A) together make up 100 mol %. and R' and R? Independ-

ent of each other, stand for hydrogen, a saturated or unsaturated alkyl or acyl residue
which may be branched and /or substituted,
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R* stands for hydrogen or an alkyl residue,

N =0or1,
X IS @ whole number from 1 to 4 and
m IS @ whole number from 2 to 10ifn = 0, or a whole number from 1 to 10 if n=1,

or 11if x is greater than 1, and where. in the case that n = 0, the compound (A)
IS more than 90 % uniform in respect of the value of m.

The liposomes of the invention have a half-life in serum of up to 18 to 20 hours. Sur-
prisingly, the liposome concentration in biood was found to decrease linearly.

It is beneficial according to the invention if compound (A) displays a uniformity of more
than 95 % or, even better, more than 99 % with respect to the value of m. It is also
possible, however, to use compound (A) in practically pure form, ie, more than 99 9 %
uniform with respect to the value of m.

The liposomes preferably contain a compound of formula (A), in whichx =1 and mis
a whole number from 2 to 5: it is even more preterable if m is a whole number from 2
to 4.

The residues R' and R? of the compound of formula (A) contained in the liposomes
can stand, independent of each other, for hydrogen or a saturated or unsaturated Csi-
Cas alkyl or C4-Cy4 acyl residue, preferably hydrogen or a saturated or unsaturated Cs-
Ca4 alkyl or Cg-Co4 acyl residue. The substituent is a residue which does not interfere
during the preparation. R® is preferably hydrogen or a C4-C, alky! residue.

The compound of formula (A) can be present in the liposomes as a racemic mixture,
ie, with a phospho-rac-(1 or 3)-oligoglycerol linkage. It is preferable if it is present in
stereospecific form with a phospho-sn-1 -oligoglycerol linkage or a phospho-sn-3-oli-
goglycerol linkage.

It Is to advantage if at least one of the residues R' and R? of formula (A) is an acyl
group.

It 1s beneficial if liposomes containing the compound of formuia (A) with n = 0 exhibit
an excess negative charge. However, liposomes can also be prepared from
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compounds of formula (A) in which n = 1. In this case, it is better if the liposomes

exhibit no excess charge or a positive one.

Besides a compound of formula (A), the liposomes contain phospholipids and/or
alkyl phospholipids and maybe cholesterol. It is preferable to use the compound of
formula (A) in an amount of 5 to 15 mol %. If the liposomes do not display an
excess charge, a composition of 0 to 70 mol % cholesterol, 1 to 50 mol % of a
compound of formula (A), and phospholipids and/or alkyl phospholipids is
preferred. If there is a negative excess charge, a preferred liposome composition
consists of 0 to 70 mol % cholesterol, 1 to 15 mol % of a compound of formula (A),
and phospholipids and/or alkyl phospholipids. A higher proportion of compounds
of formula (A) with a negative excess charge would lead to instability of the
liposomes In the blood circulation. It is to advantage if the liposomes comprise 25
to 43, preferably 35 to 43 mol %, in particular 38 to 42 mol % cholesterol, 5 to 15
mol % of a compound of formula (A), and phospholipids and/or alkyl

phospholipids.

The phospholipids and/or alkyl phospholipids can, for example, be diacyil
phosphoglycerols of defined structure. Generally speaking, these lipid

components can be used as compounds of defined structure.

In the case that x > 1, it is preferable if the residue —CHy(-CHOH )x-CH2>-OH
derives from sugar alcohols which have four hydroxyl groups for x = 2, five
hydroxyl groups for x = 3, and 6 hydroxyl groups for x = 4. Examples of such

- residues are mannitol derivatives for x = 4, lyxitol derivatives for x = 3 and threitol

derivatives for x = 2.

In accordance with one aspect of the present invention there is composition

comprising compounds with the general formula (A):

O
H Ho || Ho | H Hy
H2c|:—c|:—c-—--o--—~—-l|3-————o C—+C——C—O0—H
O O OH OH
X m
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where R' and R are independently hydrogen or a saturated or unsaturated,
branched or unbranched aliphatic or acyl residue, x is a whole number from 1 to 4;
and m is a whole number from 2 to 5, wherein the compounds are more than 90%
uniform with respect to the value of m.

In accordance with another aspect of the present invention there are liposomes
containing phospholipids or alkyl phospholipids or cholesterol, and 1 to 50 mol %
of compounds with the formula (A):

O
H Ho ” H>
Hch:—cl:—c—o—T——-—o C o
Cl) O OH OH

or salts thereof, where the cholesterol, the phospholipids, the alkyl phospholipids
and the compounds of formula (A) together make up 100 mol %, and R" and R?
are independently hydrogen, a saturated or unsaturated, branched or unbranched
aliphatic or acyl residue; x is a whole number from 1 to 4; and m is a whole
number from 2 to 5; wherein compound (A) comprised in the liposomes are more
than 90% uniform with respect to the value of m, wherein said phospholipid and
compound of formula (A) contain the same fatty acid residues.

In accordance with a further aspect of the present invention there is a
pharmaceutical composition comprising liposomes previously described and,
entrapped in the liposomes, at least one pharmaceutical drug.

In accordance with yet another aspect of the present invention there is a method
of preparing the pharmaceutical composition of the preceding paragraph,
comprising preparing liposomes by transforming 1 to 50 mol % of a compound of
said general formula (A), together with the other components of the liposomes
being cholesterol phospholipids or alkyl phospholipids in a quantity which,
together with the compound of formula (A) makes up 100 mol %, and at least one
soluble or insoluble pharmaceutical drug into a lipid suspension, and transforming
said lipid suspension into liposomes, wherein when said drug is a water-insoluble
drugitis
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entrapped in said liposomes by dissolving the drug together with lipid constituents,
and wherein when said drug is a water-soluble drug it is entrapped In the
liposomes by adding an aqueous solution which contains the water-soluble drug

to lipid film.

In accordance with yet a further aspect of the present invention there is a method
of preparing the compounds of formula (A), as defined previously, comprising
linking an oligoglycerol having a uniform chain length or a C4 -Cg sugar alcohol

with an alcohol of the formula:
-CH>-OR4-CHOR>-CHOH
through use of a phosphorylation agent.

In accordance with one embodiment of the present invention there is a protected

oligoglycerol with the formula (B):

H,C——CH——CH,

C{ \b
N o7 Y
/ \
HiC  CHs

O*——CHj CH ——CH,

in which Y is a whole number from 1 to 9 and X is a benzyl, alkyl or

tetrahydropyranyl group, provided that when X is methyl then Y is 2 to 9.

In accordance with another embodiment of the present invention there is an alkyl

oligoglycerol with the formula (C):

HQC_'CH_'CHz O CH2 CH "—CH2 O CH2 CH_CH2

OH OH OH OX OX
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in which Y is a whole number from 1 to 8 and one of the residues Xor Zis a

saturated or unsaturated aliphatic residue, while the other residue Is hydrogen.

The liposomes of the invention have a markedly longer half-life in the blood
stream. Their half-life is preferably at least 10 hours, better still, more than 12
hours. Half-lives of 18 to 20 hours have been measured for the liposomes of the
invention. Surprisingly, the decrease in blood lipid concentration with time was
found to be absolutely linear. It is preferable according to the invention if, after 6
hours, more than 50 % of the liposomes added are still present in the blood; it is

even more preferable if more than 60 % are still present.

A particularly surprising property of the liposomes of the invention is their
preferred tendency to accumulate in the spleen. Depending on the composition

and size of the
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liposomes, enrichment thereof in the spleen has been found which exceeds enrich-
ment in the liver by a factor of 25. Enrichment in the spleen compared with that in the
liver increases with Increasing value of m in formula A and with Increasing size of the
liposomes. With the transition from SUVs (Small Unilamellar Liposomes: diameter
about 60 nm) to LUVs (Large Unilameliar Liposomes; diameter about 190 nm), the
degree of enrichment in the spleen increases many times over. The preferential ac-
cumulation in the spleen also increases as the number of carbon atoms in R' and R?
INcreases.

mas Induced by nitrosomethylurea (MNU carcinoma).
The liposomes of the invention can aiso contain one or more pharmaceutical drugs.

Generally speaking, all drugs can be used that can be introduced into the plasma by
means of liposomes. Preferred groups of drugs are, on the one hand. cytostatic
agents, especially anthracycline antibiotics such as doxorubicin, epirubicin and
daunomycin, with doxorubicin being especially preferred. Other preferred anti-tumour
drugs are idarubicin, hexadecylphosphocholine, 1-octadecyl-2-methyi-rac-glycero-3-
phosphocholine, 5-fluoruracil cis-platinum complexes such as carboplatin and novan-
tron, and mitomycins.

Other preferred groups of drugs are immunomodulating substances such as citokines,
of which interferon and. in particular, a-interferon are given special preference. an-

timycotic substances (eg, amphotericin B), and drugs to combat protozoan diseases
(malaria and trypanosome and leishmania Infections). Taxol is another preferred drug.

Yet another group of preferred drugs is the group of lytic drugs, as are described in
the DE 41 32 345 A1. The content of this patent application is thus included by way of
reference. Preferred drugs are miltefosin, edelfosin, ilmofosin and SRI62-834.
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The subject matter of the invention thus Includes use of the liposomes according to

the invention for preparing an anti-tumour agent, with the drug doxorubicin being given
special preference.

The subject matter of the invention also includes use of the liposomes according to
the invention for preparing an agent to influence cell proliferation. with the drug pref-

eraply being a cytokine, in particular o-interferon.

The subject matter of the invention Includes, in addition, a pharmaceutical composition
which contains the liposomes described above and, entrapped in the liposomes, one
or more pharmaceutical drugs, combined if necessary with standard pharmaceutical
diluents, adjuvants, carrier media and fillers.

The liposomes of the invention are prepared using methods which are known per se
and with the usual equipment. Typically, a solution containing the various components
of the liposome and 1 to 50 mol % of a compound of formula (A) is converted into a
lipid suspension which is then pressed under high pressure through nozzles or a per-
forated disk; the size of the liposomes can be regulated by means of the size of the
perforations in the disk. Suitable measures for converting a lipid suspension into
liposomes are familiar to persons versed in the art Preferably, 5 to 15 mol % of a
compound of the general formula (A), 35 to 43 mol % cholesterol and 42 to 60 mol %
phospholipids and/or alkyi phospholipids are converted into a lipid suspension, which
in turn is converted into liposomes by means of suitable measures and in a manner

known per se.

These known methods can also be used to make a pharmaceutical formulation which
contains the liposomes of the invention and one or more pharmaceutical drugs. To
entrap water-insoluble drugs, the drug is dissolved together with the lipid components,
while to entrap water-soluble drugs, an aqueous solution which contains the water-
soluble drug.is added to the lipid film.

The compounds of the invention, having the formula (A), can be prepared In cases
where n = 1 by linking a defined oligoglycerol with a phosphatidyl ethanolamine by
way of the amino group. This results in neutral compounds, ie, compounds without an
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excess charge. The defined oligoglycerols used for Iinking are compounds with the
formula (B).

In caseswheren=0 compounds with the general formula (A) are made by linking a
defined oligoglycerol with a phosphatidylgiycerol. When n = 0, compounds with the
general formula (A) can also be made - using a phosphorylation agent - by linking a
defined oligogycerol or a C,-Ce sugar alcohol with an alcohol of the formula CH,-OR'-
CHOR®-CHOH. As phosphorylation agent, use is made preferably of POCI,.

The preparation of phospholipids from diacyi glycerols is described in the literature
(DE 3239817 A1: P, Woolley et al., Chem. Phys. Lipids 47 (1988), 55-62; H. Eibl et
al., Chem. Phys. Lipids 47 (1988), 63-68), and this method can be applied here.

Using the above-described methods, a racemic compound is formed which contains a
phospho-rac-(1 or 3)-oligoglycerol linkage. It is to advantage if stereospecific com-
pounds are formed, which exhibit a phospho-sn-1-oligoglycerol Iihkage or a phospho-
sn-3-oligoglycerol linkage. To make 3 compound of formula (A), it is preferable to use
a linear oligoglycerol of defined chain length.

The subject matter of the invention also Includes a protected oligoglycerol of the for-
mula (B),

—
CH;.-(%HQ-CH,-O-CH2~CH-CH2-O-H
O O O
\c/ .

Y
~ AN
CH, CH, — -

where Y is a whole number from 1 to 9 and X s a benzyl, alkyl or tetrahydropropany!

group. It s beneficial if Y is a whole number from 1 to 3. It is possible according to the
invention to obtain 1.3-linked oligoglycerols in practically pure form. Oligoglycerols of a
predefined chain fength can be prepared which contain hardly any Impurities in the
form of oligoglycerols with different chain lengths. In addition, these oligoglyerols of the
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invention are practically free of monomeric glycerol. In other words, uniform com-
pounds are obtained, which have a defined structure.

in the oligoglycerol, X can also stand for a different suitable protective group. it is aiso

possible to replace the acetone with another protective group, in particular another
kKetone.

The invention comprises, in addition, alky! oligoglycerols of formula (C)

CH:—CHQ—CHz-O-CHz~(2‘H—CH2—O-CH2—C‘H-C!‘H2
I

> ¢ ? e
Il-I I!I H Y X Z

where Y is a whole number from 0 to 8, preferably a whole number from 1 to 3, and
one of the residues X or Z is a saturated or unsaturated alkyl residue and the other
residue is hydrogen. These alkyi oligoglycerois are also uniform compounds of defined
structure.

The production of oligoglycerols. protected oligogiycerols and aikyi oligoglycerois is of
particutar interest, because with the help of these starting materials a number of im-
portant and novel adjuvants serving as solubilizers and to improve membrane per-
meation are obtained. Of particular interest with respect to increasing the period for
which the liposomes survive in the blood stream is the production of phosphatidy! oli-

goglycerol derivatives of formula (A), which carry additional hydroxyl groups in the
polar area.

Due to the preferred enrichment of the liposomes of the invention in the spleen, these
liposomes are suitable generally for the selective Introduction of substances into the
spleen. These substances may be medicinal products, contrast agents or the like.
This is especially important with regard to improving the quality of vaccines, since the
spleen plays a major role in the formation of antibodies for the immune system. In the

same way, the enrichment of the liposomes according to the invention such as was
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observed in tumour tisstie is of importance with regard to delivering drugs, contrast
agents and the like specifically to such tissue.

The following examples, together with the enclosed drawings, expiain the invention in
more detall. In the drawings:

Figure 1 shows the total-organ distribution of liposomes according to the invention in
the spleen and in the liver.

Figure 2 shows the per-gram distribution of liposomes according to the invention in the
spleen and in the liver.

Figure 3 shows how the blood levels of different liposomes of the invention vary as a
function of time.

Exampie 1

In an animal experiment, liposomes were used which consisted of 40 mol % choles-
terol, 10 mol % phosphatidylglycerol and 50 % dipalmitoyl! iecithin. The liposomes had

a hait-life in serum of 4 hours, with a typical persistence characteristic, ie, a rapid
decrease to start with, followed by a slower decrease.

Liposomes of the same composition were prepared, in which the phosphatidylglycerol
was replaced by a phosphatidylglycerol G2 of the invention. A half-life in serum of 18
10 20 hours was measured, the decrease with time being absolutely linear. This linear
relation was observed irrespective of the size of the liposomes. The same linear re-
duction in serum liposome concentration was found with 50 nm liposomes and with
150 nm liposomes. The linear reduction in biood iposome concentration was also ob-
served for different starting concentrations.

Example 2

Percentage of liposomes in the blood stream after 6 hours

Liposomes according to the invention were prepared, consisting of dipalmitoyl-sn-G-3-
PC/cholesterol/dipalmitoyl-sn-G-3-PGy in a molar ratio of 45 - 45 : 10. The percent-
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ages of liposomes still in the blood after 6 hours are listed in Table 1. For comparison,
the percentages measured by Maruyama et al. under the same conditions for the
system distearyl-sn-G-3-PC/cholesterol/dipalmitoyi-sn-G-3-PGy; 45 : 45 - 10 are listed
too. Compared to the prior art, the example of the invention shows a pronounced in-
crease in the quantity of liposomes found.

Table 1

Y Comparative example Y  Example of the invention
0 18 % 0 21 %

2 19 % 2 80 %

3 ~ 3 82 %

4 20 % 4 56 %

Example 3

Liposomes consisting of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine, 1,2-dipalmitoyl-
sn-glycero-3-phosphoglyceroglycerol (PG,) and cholesterol in a molar ratio of 4:1- 5
were doped with tritium-iabelled inulin. These liposomes were administered to rats in a

dosage of 100 umol lipid per kg rat, and after 72 hours the distribution of these

liposomes in the spleen and the liver was determined by measuring the radioactivity.
Liver weights varied between 9 and 10 g, those of the spleen between 0.6 and 0.7 g.
Figure 1 of the enclosed drawings shows that for a liver weight which is about 15
times higher than that of the spleen, the distribution of liposomes (SUVS) increases
substantially in favour of the spleen as the number of glycerol units increases (x = 1: m
= 1to 4 in formula A).

In Figure 2, the liposome uptake by the spleen and the liver is depicted as uptake per
gram of the organ. For n = 4, the spleen is seen to have a liposome concentration
which is about 9 times higher than that of the liver: for n = 1, the enrichment factor
equals 4. In the last column, Figures 1 and 2 show the effect which the size of the
liposomes has. For LUVs with a diameter of 190 nm. liposome enrichment is even
more In favour of the spleen: even when n only equals 2, the enrichment factor equais

24. In practical terms, this means that it is no onger possivle to target the liver with
these liposomes.
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Example 4

Preparation of compounds with the formula (A)

Example 4a: Key intermediate with the formula |

The oligoglycerois diglycerol (G,), triglycerol (G3) and tetraglycerol (G4) can be pre-
pared from an easily obtained key intermediate with the formula |,

1.2-isopropylidene-rac-glycero-3. 1-rac-glycero-3-allylether, (see model A).

10

(H, — CH — CH

2 2
| | |
0 0 0
N/ l
/C\ CH, — CH —CH,
CHy  CH, | |
P OH 0
|
le2 —CH = CH2
I
< 1) Rearrangement allyl/propeny}
| 2) Acidic cleavage

. G2
z 1)1) Epoxidation

| 2)2) Acidic cleavage

i Gs
' 1) Epoxidation

29

, 2) Opening with allyl aicohol
3) Epoxidation

3 4) Acidic cleavage
. - G

30

Model A: oligoglycerois from formuia |
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The intermediate product described by formuia | can be obtained in large quantities
from commercial ally! glycidyl ether by NaOH-catalyzed ring opening with
1.2-1sopropylidene-rac-glycerol, which is likewise available in the chemicals trade:

Epoxide opening with alcohols (general exampie)

Production of the key intermediate with the formuia [
1.2-Isopropylidene-rac-G4-3.1-0.0-3-0-a lyl-rac-G,

10

0
/7 N\
CH2 — {H — CHZ
l
15 |
l
CH2 — CH = CH2

Reaction with 1.2-isopropylidene-G
(Catalytic quantities of NaOH)

\'4
CH CH
3\ ) 3
C
7N\
0 0
I )
V0 oK
| |
0
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A catalytic quantity of NaOH (MW 40.00: 0.6 mol - 24 g) IS added to
1.2-isopropylidene-rac-glycerol (MW 132.16: 16 mol - 2115 g), which is rendered a
solution by stirring and heating to 80°C. At 80°C, allyl glycidyl ether (MW 114.14: 6
mol - 685 g) is added dropwise over a period of 2 hours, and the reaction mixture
stirred for another 2 hours at 80°C. By this point in time the epoxide (R¢ in ether = 0.8)
has reacted completely to form the G constituent (Rfin ether = 0.6) The excess iso-
propylidene-rac-glycerol has an R¢ of 0.65 in ether and is removed from the reaction
mixture at 75°C / 10 mbar. The residue has 1 | diisopropyl ether added to it and is ex-
tracted twice with 1 | NaCl (1 % solution in H20) in each case. The organic phase is

rotated in an evaporator and distilled (Kpie-1 mbar 125°C).

The yield of the pure product 1.2-i50propylidene-rac-G1—3.10.0-3—0-allyl-rac-G2 (MW
246.30) is 1025 g (ca. 70 %).

Instead of 1.2-isopropylidene-rac-glycerol. it is possible to react other primary alcohols
and also allyl alcohol and benzyl alcohol under the given conditions. in the same way,
it is also possible to use other epoxides.

The intermediate product with the formula | can also be obtained from 1.2-isopropyii-
dene-rac-glycero-3-glycidyl ether by means of NaOH-catalyzed ring opening with allyl
alcohol. In this case, 1.2-isopropylidene-rac-gchero-3-glycidyl ether must first be made
from allyl glycerol.

Example 4b:

Alkylation of primary or secondary hydroxyl groups (general example)

Preparation of a key intermediate:
1.2-isopropylidene-rac-G+-3. 1-0.0-2-0-benzyl-3-0-allyl-rac-G,
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CH CH
L7
C
0" o
| |
CH, — CH, —CH, CH, — CHc < (G,)
l /
0 0
| |
CH, — CH — THZ & (G,)
0
|
CH, —CH = CH

The key intermediate, 1.2-isopropylidene-rac-G4-3.1-rac-G,-0-allyl ether (MW 246.30;

0.5 mol - 123 q) is dissolved in 500 mi tetranydrofuran, has benzyl chioride (0.6 mol -
76 g) added to it and is reflux-boiled. K-tert. butylate (0.7 mol - 79 g) dissolved in 500
ml tetrahydrofuran is added dropwise. The reaction is completed after 30 minutes of
reflux-boiling (TLC check - Ry in ethyl ether: educt, R; = 0.1; product, R¢= 0.4). The
reaction mixture has 1 | diisopropy! ether and 11 1% NaCl solution added to it, is
shaken, and the upper phase rotated in an evaporator. The product can either be
used directly, or recovered in pure form in approximately 90% yield by means of
chromatography on silica gel.

Empirical formula C15Hp505 (MW 336.42)

calculated: C, 67.83; H, 8.39: O, 23.79
measured: C, 67.78; H, 8.34: O, -

Instead of benzyl chloride, use can also be made of benzyl bromide, allyl chioride or
allyl bromide, or of the halogenides or mesylates of primary alcohols. The products of
the reaction between primary or secondary hydroxyl groups and alkyl mesylates, in
particular, lead to high yields (> 90%) of the desired target compounds.
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Example 4c:

Synthesis sequence 0-allyl ether — 0-propeny! ether — alcohol (general example)

Preparation of 2-0-benzyl-rac-G;-1.3-0.0-1 .2-isopropylidene-rac-G,

CH CH
3\ y 3
C
N\
0 0
l I
CH2 — CH2 —_ CH2 CH2 — C6H5 <~ (G1)
| /
4 0
1 |
CH2 — CH —(IZH2 ~ (GZ)
0
J
CH2 — CH “-"-CH2
1) K-~tert. butylate in dimethyl-
formamide
OH OH 7 2) HCL1 7/ H20 in l-propanol
] J
C — — —
H2 CH CH2 CH2 C6H5
I /
0 0
| |
CH2 — CH - FHZ
OH
3} 2.2 dimethoxypropane
(H2804)
CH CH
3 3
\ 7
C
7\ }'%
C C
! l
0 0
| | C_H
CH2 — (K —EIHZ CHZ/ 6 5
-~
0 0
I I
CH, — CH — CH., — OH
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Rearrangement

1.2—isopr0pylidene-rac-G1-3.1-O.0-2-0-benzy|—3-0—aHyl-rac-Gz (0.5 mol - 168 g) is dis-
solved in 500 mi DMF, to which k-tert. butylate (0.7 mol - 79 g) is then added. The
reaction mixture is heated to 110 to 115°C with continuous stirmng, left for 15 minutes
at this temperature and then cooled to 20 °C. Foliowing the addition of 500 ml diiso-
propyl ether and 500 ml 1% NaCl, the upper, diisopropy! ether phase is removed and
the solvent eliminated under vacuum (TLC check - Ry in hexane/diisopropyt ether
(1:1): educt, Ry = 0.2; product, R¢ = 0.4).

Cleavage of the propenyl protective group

The residue from the above reaction, approximately 168 g, is dissolved in 500 mi
methanol and, following addition of 50 mi 1 M HCI, is reflux-boiled. The reaction IS
complete after 60 minutes (TLC check in hexane/diisopropyl ether (1:1): educt, R =
0.4; product, R¢ = 0). The yield of rac-G4-3. 1-rac-G,-2-0-benzyl ether is > 90%. Under
the acidic conditions prevailing during propenyl cleavage, the isopropylidene protective
group Is likewise removed. if necessary, it can be reintroduced in the 1.2 position.

Introduction of the isopropylidene protective group

The residue from the above reaction (approx. 0.5 mol) is dissolved in 300 ml THF to
which, in succession, 2.2-dimethoxypropane (0.5 mol - 52 g) and 0.2 g H,SO, in 10 m
THF are added, and then stirred for 2 hours at 25°C. The reaction mixture is neutral-
ized with saturated Na,C0; solution, the precipitate removed under suction and the
filtrate rotated with xylol under vacuum to free it of water. The product is purified
chromatographically on silica gel 60 (Merck, grain size 0.2 - 0.5 mm) (R in diethyl
ether: educt, Rs= 0.0; product, R¢ = 0.4). One obtains 121 g of the important interme-
diate needed for the preparation of phosphatidyl-diglycerols (G, parent substance).
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G, parent system: 2-0-benzyl-rac-G4-1.3-0.0-1 .2-isopropylidene-rac-G, (yield 82%).

Empirical formula: C1gH2405 (MW 296.36)
calculated: C, 64.85; H, 8.16; O, 26.99
measured: C, 64.82; H, 8.14: Q, -

Intermediates which have higher proportions of oligoglycerol and are likewise needed
for the production of phosphatidyl oligoglycerols can be prepared analogously. Some

analytical findings pertaining to key intermediates are summarized below:

G; parent system:  2-0-benzyl-rac-G;-1 .3-0.0-2-0-benzyl-rac-G,-1.3-0.0-1 2-1S0pro-

pylidene-rac-Gs;
Empirical formula: C,H160; (MW 460.56)
calculated: C, 67,81; H, 7.88: O, 24.32
measured: C, 67,75, H, 7.85; O, -

(G4 parent system:
2-0-benzyl-rac-G;-[1.3-0.0-2-O-benzyl-Gl,-1.3-0.0-1 .2-1sopropylidene-rac-G4
Empirical formula: C3sHss0 (MW 624.77)

calculated: C, 69.21; H, 7.74; O, 23.05

measured: C, 69.17; H, 7.69; O, -

Ge parent system:

2-0-benzyl-rac-G4[1.3-0.0-2-0-benzyl-rac-G]4-1.3-0.0-1 .2-Isopropylidene-rac-Gg
Empirical formula: CsgH7,013 (MW 953.1 72)

calculated: C, 70.57; H, 7.61: O, 21.82

measured: C, 70.56; H, 7.54; O, -

Gg parent system:

2-0-benzyl-rac-G4-[1.3-0. 0-2-0-benzyl-rac-Glg-1.3-0.0-1 .2-isopropylidene-rac-Gg
Empirical formula: CrHes017 (MW 1281 .58)

calculated: C, 71.23; H, 7.55: O, 21.22

measured: C, 71,15; H, 7.53; O, -
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Example 4d:

Substances which bear the tetrahydropyranyl protective group (instead of benzyl)

(Preparation of phosphatidyl oligoglycerols which contain unsaturated fatty acids)

For this variant, 1.2-1sopropylidene-rac-glycero-3-0-allyl ether is prepared and epoxi-
dized as described by H. Eibl and P. Woolley (Chem. Phys. Lipids 41 (1986) 53-63).

Epoxidation (general example)

1.2-isopropylidene-rac-glycero-3-0-allyl ether (MW 172.22; 1 mol - 172 g) is dissolved
In 11 CHxCl2. 3-chloroperoxybenzoic acid (1.1 mol) is added portion-wise and the re-
action mixture stirred for 6 hours at 25 - 30°C. The educt (Rf 0.5 in diethy! ether /
pentane 1:1) is by then transformed completely into the desired product (R; 0.2 in the
above system). After removing the precipitate by suction filtration, 100 g Na,CO. is
added to the filtrate and the mixture stirred for another 3 hours at 20°C. The precipi-
fate is removed and the solvent eliminated under vacuum. The yield of epoxide (MW
188.22) is 170 g (90%). As described under "epoxide opening with alcohols” (Example
4a), the epoxide is now converted with benzyl alcohol into
1-0-benzyl-rac-G,-3.1-0.0-2.3-isopropylidene-rac-G, and the free -OH groups
converted with 3.4-dihydro-2H-pyran into the tetrahydropyran derivative.

Introduction of the tetrahydropyran protective > group (general example)

1-0-benzyl-rac-G;-3.1-0.0-2.3-isopropylidene-rac-G, (MW 296.36; 1 mol - 296 g) is
dissolved in 1 | THF, to which 1.4 mol 3.4-dihydro-2H-pyran and 0.1 mo! toluene sul-
fonic acid are added. The reaction is complete after 1 hour (educt, R¢ 0.65; product, Ry
0.90 in diethyl ether). 1 [ 0.2 mol Na,C0s solution and 1 | diisopropyi ether are added,
and the mixture shaken thoroughly in a separating funnel. The upper phase is rotated
In an evaporator and the product converted by means of hydrogenolysis with H. in the
presence of a PD/C catalyst (5 % Pd based on the alcohols) into the G, constituent
with free hydroxyl group.
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G, parent system: 2-0-tetrahydropyranyl-rac-G4-1.3-0.0-1 .2-isopropylidene-rac-G,
(Yield 80% expressed in terms of the epoxide)

5 Emplnca{ formula: C14H2706 (MW 291.36)

Calculated: C, 57.71; H, 9.34: 0. 32.95
measured: C, 57.59: H, 9.29: 0 -

Compounds with other parent systems can be converted into THP-protected struc-
10 tures Iin the same way. For example, the 3-0-allyl ether of exampie 4a can be con-

verted to an epoxide and opened with allyl aicohol. Again, a 3-0-allyl ether is formed.

which is epoxidized and opened with benzyl aicohol to form the product below, which,

through introduction of 3 THP protective groups and catalytic hydrogenolysis can be
converted to an intermediate with the G, parent system.

15

Berzyl
0  OH
| l
CH, — CH — CH
20 2 [ Z
0 OH
[ J
CH2 — CH —-(iH2
0 OH CH CH
| | 3 73
CH:2 — (H — CH2 C
25 | 7/ '\
0 0 0
l l l
CH2 — CH — CH
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G4 parent system:

2-O-THP-rac-G1(1.3-0.0-2-0-THP-rac-Gl>-1.3-0.0-1 .2-isopropylidene-rac-G,

Empirical formula:  CioHss0, (MW 607.75)

calculated: C, 59.29; H, 9.12: O  31.59
measured: C, 59.24: H, 9.08; O, -

Example 4e:

Further processing of the intermediate with the formula |

G, parent system (racemic)

——

From formula i, a key intermediate for the preparation of the Gy parent system is ob-
tained (see model B). To this end, the secondary -OH function in formuia { is altkylated,

benzylated, or protected with tetrahydropyran.

Formula |

a) Alkylation
b) Benzylation
c) introduction of TI

N4
0
\C/O O
CH. — —
3 H3 D 0

Model B: Key intermediate for preparing the G, parent system:
X = saturated or unsaturated alkyl, benzyl or THP

P protective group
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Alky!-G> compounds

1) 2-0-alkyl-rac-G4-1.3-0.0-rac-G,

-29.

The intermediate compound of formula il in which X = alkyl is freed of the protective

groups. The following compounds were isolated:

2-O-ethyl-Gzz C3H1305

2-O-hexyl-Go,: C12H2%0s5
2-O-undecenyl-G,: Cy7H340s
2-O-dodecyl-G,: C1sH3505
2-O-octadecyl-G»:  CpyHsoOs

2-O-erucyl-G_2: CzaH5505

2) 1 -0-alkyl-rac-G4-3.1-0.0-rac-G.

(194.23)
(250.33)
(318.45)
(334.49)
(418.65)
(472.75)

In the intermediate compound of formula Il in which X = benzyl, allyi is removed from

the 1-position and the corresponding alkyl chain incorporated in the T-position. Follow-

Ing removal of the protective groups, the following compounds were obtained:

1-O-methyl-G,. C7H1605
1-0O-propyl-G,: CoH200s5
1-O-nonyl-G»: C15H3205
1-O-undecyl-G.: C17H360s
1-O-dodecyl-G.: C18H3505

1—O-octadech~Gg: Co4H5005

(180.20)
(208.25)
(292.41)
(320.47)
(334.49)
(418.65)

Unsaturated 1-O-alkyl diglycerols can also be obtained directly by way of epoxide

opening of 1.2—isopropylidene-glycero—gchidyl ether (Model D, formula IV} with alco-

hols, eg,

1—O-Undecenyl-Gg: C17H24Os5

However, this path is only suitable for shorter-chain alcohoils, si
chain alcohols such as oleyl alcohol are low. To prepare 1-oley

(318.45)

nce the yields for long-

-2, therefore, a syn-

thetic pathway via 2-O-THP-glycero-1.3-0.0-(1 .2-Isopropylidene)-glycerol is preferred

(model D, formula V)
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1 -O-Oleyl-—GZ: Cz4H4305 (4 1 664)

Intermediates for the synthesis of phospholipids which contain diglycerols in the polar

area

Compounds with good protective groups for these syntheses contain a 2-O-benzyl
ether or a 2-O-tetrahydropyrany! ether group in Gy.

1) 2-0-benyz|-rac-G4-1.3-0.0-(1 .2~isopropylidene)-rac—Gg:
C16H240s5 (296.36)

The compound with the formuia il is obtained by alkaline allyl/propyi rearrangement,
benzylation of the secondary -OH group and subsequent acidic cleavage of the pro-
peny! protective group.

Formuia |
I 1) Rearrangement allyl/propeny/!
t 2) Benzylation
3) Acidic cleavage
7
!CHZ — ﬁ:H — lCH2
0 0 0
4 |
/"N CH, - CH —CH, — OH
CH3 CH3 (58 o

Model C: Starting product for phosphatidyl diglycerols with saturated fatty acid resi-

dues.

2) 2-O-tetrahydropyra nyl-rac-G4-1.3-0.0-(1.2-isopropyl idene)-rac-G:
C14G270¢ (291.36)

The compound with the formuia V is made from allyl glycerol. The intermediate 1V is
obtained by way of addition of Isopropylidene followed by epoxidation. After opening
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the epoxide with benzyl alcohol, the THP protective group is introduced and the benzyl
group removed.

10

19

20

25

fHZ -— EH — ICHZ
OH OH O
l
Allyl glycerol CHZG_[}{:'CHZ

N

CH, — (R — CH

1)H"; 2.2 dimethoxy propane
2) Epoxidation

T2 T T
0 0 0
N/ |
v A CH, — CH —CH,
CH,  CH, 5

3) Opening with benzyl alcohol

4 ) H+;(;)

H,; Pd/C

5)

2 ’

7\ CH. — CH — CH, — OH

\ 2
%yo

.{
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Model D: Starting product for phosphatidy! diglycerols with unsaturated fatty acid resi-

duesG; parent system (racemic)

From the key intermediate with the formula Il it is possible, with inclusion of the allyi
group, to deveiop triglycerols. Following epoxidation, various intermediates and end
products of pharmaceutical interest can be made from the epoxide.

Intermediate i
Epoxidation
|CH2 — s:H - FHZ
0\ y 0 lO
/C\ CHZ'--CH----CH2
'CH3 CH3 | |
0 0
l l
X CH, — CH — CH
2
N/ °
0
VI

Model E: Starting products for making G; parent systems.

Triglycerols can be prepared from the key intermediate with the formula VI; the inter-
mediate is also used for making G4 parent systems. In formula VI, X stands for hydro-
gen, a saturated alkyl, a benzyl or a THP residue.

AlKyl-G3 compounds
1) 1-O-alkyl-rac-G;-1 .3-0.0-rac-G,-1.3-0.0-rac-G

The epoxide with the formula VI (X =H) is opened directly with alcohols and, after the
Isopropylidene protective group has been split off, results in the following compounds:
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1-O-ethyl-G3: C11H2407 (268.30)
1-O-hexyl-Ga: Cis5H3207 (324.41)
1-O-nonyl-Ga;: C1sH3807 (366.491)
1-O-undecenyl-Gs:  CagHaO7 (392.53)
1-O-dodecyl-Ga: C21Hy 04 (408.57)

For longer-chain alcohols, direct opening results in poor yields. For this reason, the
oleyl and erucyl compounds of G were prepared by opening of VI (X = THP) with
benzyl, THP-protection of the secondary hydroxyl groups formed. catalytic debenzyla-
tion, alkylation in the 1 position and removal of the protective groups.

1-0-0leyl-Gs; Co7Hs4O- (490.72)
1 -O-GI’UCV’-G;I C31 H6207 (456- 82)

2) 2-O-alkyl-rac-G;-1.3-0. 0-rac-G,-1.3-0.0-rac-G,

The epoxide of formula VI (X = benzyl or THP) is opened with allyl alcoho! and alky-
lated in the 2 position. The protective groups are removed in the usual way. For th
preparation of the unsaturated 2-0-alkyl compounds, rearrangement of the allyi pro-
tective groups must precede alkyiation. In addition, only the THP protective group and
not benzyl can be used in G, here. The following compounds were prepared:

2-O-methyl-G: C1oH220; (111.99)
2-O-propyl-Ga: C12H2607 (282.33)
2-O-nonyl-Gs: C18H350; (366.49)
2-0O-undecenyl-Gs. CooMH4005 (392.563)
2-O-dodecyl-Ga: C21H440; (408.57)
2-O-hexadecyl-Ga: CasHs205 (464.68)
2-0-0leyl-Ga: C27Hs5407 (490.72)

2-O-eruch-G§: C31 H5207 (546.82)
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Intermediates for the synthesis of phospholipids which contain trglycerides in the polar

drea

Benzyi and tetrahydropyranyl (THP) residues are convenient protective groups for
synthesizing phospholipids which have Gsresidues in the polar area Benzyl residues
are readily removed under mild conditions, provided that only saturated fatty acids are
used. THP residues are of particular interest because they can be removed in a single
step together with isopropyl protective groups.

1) 2-O-benyzl-rac-G4-1.3-0,0-( 2-O-benzyl)-rac-G,-1.3-0.0-(1 .2-Isopropylidene)-rac-G
C26H3607 (460.56)

This compound is obtained from the key intermediate VI (X = benzyi) by opening with
allyl alcohol, benzylation of the 2 position and cleavage of the allyl protective group. In
the text, the compound is referred to as formula VII.

2) 2-O-THP-rac-G;-1.3-0.0-(2-O-TH P)-rac-G,-1.3-0.0-(1 .2-isopropylidene)-rac-Ga:
CoH410q (449.56)

To prepare unsaturated Gs-phospholipids, the residue X = THP is used in VI. The ep-
oxide VI is opened with benzyl alcohol, the secondary nydroxyl group thus exposed
protected with THP, and the benzyl residue removed Catalyticailly with H./Pt. The
compound made in this way is referred to in the text as formula VIII.

Additional remarks

In the description so far we have not made use of the fact that in formula VI for X =
saturated alkyl, compounds of the following structure can readily be prepared: 1-O-
alkyl-rac-G1-3.1-0.O-(2—0-alkyl)-rac-Gz-3.1-rac-Gg. The representatives of these new
structures were made by opening the epoxide VI (X = hexadecyl) with CHzOH or un-
decenyl alcohol and splitting off the Isopropylidene protective group.
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1-O-methyi-rac-G,-3.1-0.0-(2. O-hexadecyl)-rac-G,-3. 1-rac-Gi:
C26Hs407 (478.71)

1-O-Undecenyl-rac-G;-3.1-0.0-( 2-O-hexadecyl)-rac-G»-3.1-O. QO-rac-Ga:
CisH7207 (616.958)

G4 parent system (racemic)

G4 parent systems can be prepared from the key intermediate with the formula 1X.

Intermediate VI X = H, saturated alkyl,

benzyt or THP
1) Opening with allyl alcoho!
2) X=H. epoxidation

V X =Be: benzylation of
{:H2 — CH - CH2 2-OH, followed by
|
(l)\ /.E) 0 epoxidation
i )
C CH, — CH — CH2 X = THP: Introduction of
CHy  CHj 0 0 THP in 2-OH,
IX CHZ — CH — CH2 foliowed by
| . |
0 0 epoxidation
X CH, — CH —CH,
| \O/

IX
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Model F: Starting products for the preparation of G4 parent systems.

Tetraglycerols can be made from the key intermediate with the formuia 1X They can
also be used to prepare pentaglycerols.

Oligoglycerols with two or more alkyl residues can be made from the iIntermediates.
too. Suitable starting compounds here are molecules with the formula IX, in which X is
a saturated alky! residue.

Alkyl-G4 compounds

1) 1-O-alkyi-rac-G,-1.3-0. 0-rac-G,-1.3-0.0-rac-Gs-1 .3-0.0-rac-G,

The epoxide of formula IX, X = H, is opened directly with alcohols. After the ISOpro-
pylidene protective group has been split off, the following substances are obtained:

1-0-ethyl-G,: C14H3006 (342.38)
1-0-hexyl-G,: C1sH3300 (398.49)
1-0-undecyl-Gs:  CygHaoOs (412.52)
1-0-undecenyl-Gs:  CyoH150s (410.50)
1-0-dodecyl-Gs  CaoHer0s (426.54)

This path is only suitable for shorter-chain alcohols, since the vyields are much lower
with long-chain alcohols.

For long-chain, saturated alcohols it is therefore necessary, as with G, and G;, to se-
lect a synthetic pathway via the key intermediate with X = benzyl. One opens with allyi
alcohol, benzylates the thus exposed 2-OH group, removes the allyl group in the 1
position and alkylates the 1 position. After removing the protective groups one obtains:
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1-O-hexadecyl-Gs:  CpqHsq0s (482.99)
1-0-octadecyl-G4: CogHs4Os (510.70)
1 -0-b€h8ﬂY|~G4i Cao He209 (566. 81 )

2. 2-O-alkyl-rac-G4-1.3.-0.0-rac-Go-1 :3-0.0-rac-G;3-1.2-0.0-rac-G4

The key intermediate with the formuia IX is opened with allyl alcohol, and the thus-
exposed 2 position alkylated. After removal of the protective groups one obtains:

2-0-propyl-Gy: CsH350g (356.41)
2-0-hexyl-G,; C1sH380g (398,49)
2-0-nonyl-Gg,: C21H4409 (440.57)
2-0-undenyl-Gy: C19H3509 (410.50)
2-0-dodecyl-Gy: C2oH4204 (426.54)
2-0-hexadecyl-Gs:  Co4HegOg (483.99)
2-0-octadecyl-G4: CogHsqOs (510.70)
2-0-oleyl-Gy: CosHs5200 (508.69)
2-0-erucyl-Gg: C3oHgoOg (564.80)

Intermediates for the synthesis of phospholipids which have tetraglycerols in the polar

area.

As with the synthesis of G, and G- compounds, benzyl and tetrahydropyran ether are
suitable protective groups for these syntheses.

1) 2-0-benzyl-rac-G4-1.3-0. 0-(2-0-benzyl)-rac-G,-1 .3-0.0-(2-0-benzyl)-rac-G;-1.3-
0.0-(1.2-isopropyi idene)-rac-Gy;
CasHagOg (624.77)

The important intermediate for the synthesis of phospholipids with G, residues in the
polar area is made from formula IX X = benzyl by opening the epoxide with allyl alco-
hol, benzylating the thus exposed 2-OH group and removing allyl. The compound is
referred to as formula X in the text.
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2. 2-0-THP-rac-G;-1.3-0.0-(2-0-THP)-rac-G»-1.3-0.0-(2-0-TH P}-rac-Gs-1.3-0.0-
(1.2-isopropylidene)-rac-G:
CaoH4s0 (607.75)

To make this compound, which is suitable for obtaining unsaturated phospholipids
with G4 parent systems in the polar area, one proceeds analogously as for the prepa-
ration of the G; compound. One opens the epoxide VI, X = THP with benzyl alcohot,
protects the thus exposed 2-OH group with THP, and removes benzyl with H, (Pd/C
catalysis.). The compound is referred to in the text as formuia Xi.

INTERMEDIATES FOR THE SYNTHESIS OF PHOSPHOLIPIDS WHICH CONTAIN
OLIGOGLYCEROLS IN THE POLAR AREA AND PERMIT AN SN-1 LINKAGE TO
THE PHOSPHATE (NATURAL CONFIGURATION)

In the preparation of compounds suitable for incorporation in the polar area of phos-
pholipids (formula Il and V for G,, formula VII and VIl for G, formula X and Xi for Gs),
no attention was paid so far to the fact that in natural phosphatidyigiycerol, ie, in 1.2-
diacyl-sn-glycero-3-phospho-sn-1-glycerol, the link between phosphate and the non-
acylated glycerol is an sn-1 linkage. Since the liposome components, as carriers of
medicinal products, should be used in the most natural configuration possible, syn-
thetic pathways were developed which also permit an sn-1 configuration of the polar
oligoglycerol (model G).

sn-1-G4-G; linkage

The stereospecific linkage can be obtained using methods analogous to those de-
scribed in the literature (DE 31 30 867 A1: H. Eibl. Chem. Phys. Lipids 28 (1981) 1-5:
H. Eibl et al., Chem. Phys. Lipids 41 (1986) 53-63; H. Eibl et al.. Chem. Phys. Lipids
47 (1988) 47-53).

The starting product for this linkage is 2-0-benzyl-3-0-allyl-sn-giycerol, which, following
epoxidation, is hydrolysed to the diol. Following reaction with H'/2.2-dimethoxypro-
pane, 2-0-Be-sn-G4-3.1-0.0-(1.2-isopropylidene)-rac-G, is obtained, a molecute with
the formula Xil, which permits an sn-1 linkage to the phosphate group in phospholipids
and corresponds to the racemate of formula lll.
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sn-1-G1§2-G;_Iinka €

The starting product for this linkage is again 2-0-benzyl-3-0-allyl-sn-glycerol. Protection
of the sn-1 position with THP is followed by epoxidation. and then the epoxide ring
opened with 1.2-isopropylidene glycerol. The thus-exposed -OH function in G,is ben-
zylated, and the THP protective group removed. One obtains a molecule with the for-
mula Xlil, which permits an sn-1 linkage to the phosphate group in phospholipids. The
molecule Xill corresponds to the racemate of formuia VIl

sN-1-G1-G»-G3-G4 linkage

The starting product is again 2-0-benzyl-3-0-allyl-sn-glycerol, in order to ensure the sn-
1 linkage. Incorporation of the THP protective group Is followed by epoxidation, and
the epoxide then opened with allyl aicohol. Following epoxidation of the intermediate.

the epoxide is opened with isopropylidene glycerol, the two exposed -OH groups ben-
zylated, and THP removed. One obtains XIV, which permits an sn-1 linkage to the
phosphate and corresponds to the racemate of formula X

If desired, compounds with an sn-3-G¢-G,, sn-3-G1-G»-Gs or sn-3-G1-G2-G3-G, linkage
with the phosphate can be made analogously. In this case, the same sequence of re-
actions is required, but instead of 2-0-benzyl-2-0-allyl-sn-glycerol, use is made of the
enantiomeric 2-0-benzyl-1-0-allyl-sn-glycerol.
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sn-1-G1-G; linkage
sn — -CHZ ~ OH
2 t CH — OBe
L -0 —
3 CHZ 0 fHZ
CH —
H 0\ /CH3
| P C
CH.— 0 CH
XIT 2 3
sn-1-G4-Go-G3 linkage
sn — 1.+ CH2 — 0K
2 M~ CH — 0OBe
3 & CH2 - 0 - ]CHZ
CH — OBe
I
CH2 — (0 - (,ZH2
C -—
IH O\ C/ CH3
XITII CH
-~ N\
2~0 7 CH,
sn-1-G1-G,-G3-G4 linkage
sn — 1 CHZ —~  OH
Z +— CH — 0OBe
3 CH2 - —-le2
CH — OBe
!
CH2 — 0 - F%Z
CH — OBe
tHZ -~ 0 — (I:HZ
|CH ~ 0 C/CH3
X1V CH.—0~ CH
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Model G: Phospholipid constituents which permit an sn-1-G, linkage

(X = 2 - 4). Starting product is 2-O-benzyl-3-O-allyl-sn-glycerol.

Example 4f:
Intermediates which contain sugar aicohols  (general examples)

Important intermediates here are, in particular, such sugar alcohols as are obtainable
at a reasonable price or can be made from these by means of simple reactions (see
enclosed table). Of special interest are D-mannitol as open form of inositol, xylitol.
which, when the middle carbon atom is phophorylated, shows no optical activity and
which is readily obtained as 1.2 4.5-diisopropylidene xylitol, and meso-erythritol. The
protective groups chiefly employed here are Isopropylidene, trityl in combination with
benzyl, or allyl. Tetrahydropyrany! is also of some importance as protective group.
Some alternatives will now be described which serve as examples.

1.2:4.5-diisopropylidene-xylitol (general example for introduction of the Isopropylidene

protective group)

Xylitol (1.0 mol - 152 g) is slurried with 500 mi 2-propanol, and mixed with dimethoxy-
propane (3.0 mol - 312 g). Following addition of 6 g H2SO4 in 100 ml 2-propanol, the
mixture is heated to 50 °C. After 30 minutes everything has dissolved. Sufficient con-
centrated ammonia is added to adjust the reaction mixture to a pH of about 8. The
solvent is removed in a rotary evaporator, and the residue taken up in hexane and
cooled to -20 °C. White crystals precipitate, which are sucked up and used for the
phosphorylation.

Empirical formula: Cy1H3905 (MW 231 27)
calculated: C, 57.13; H, 8.28: 0, 34.59
measured: C, 57.01; H, 8,27: 0 -
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Structural formulae of secme sugar alcohols:

15

20

C4H1004
meso-Eryvthntol D-Threitol L-Threitol
CH>OH CH>OH CH->OH
H ~QOH HO H H OH
H OH H OH HO H
CH,0OH CH,0OH CH-OH
CsHy20s
Adonite (Ribitol) D(+)-Arabitol L{-)-Arabitol Xylitol L
CH>OH CH>0OH CH->OH CH>OH
H OH HO H " H OH H OH
H OH H OH HO H HO H
H OH H OH HO H H OH
CH,0H CH,0H CH,0H H,0H
CeH1406
Dulcite (Galactit. D-Mannitol D-Sorbitol
CH,OH CH-,OH CH>OH
H OH HO H H OH
HO H HQO H HO H
HO H H OH H OH
H OH H OH H OH
CH>OH éHgOH CH->OH
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1.2;3.4-diisopropylidene-5-benzyl-D-mannitol (general example for the use of trityl

protective groups combined with benzyl protective groups)

Starting with 1.2;3.4;5 6-triisopropylidene-D-mannito! (MW 302.36), which is prepared
analogously to the xylitol derivative, one obtains - by means of carefully splitting off the
protective group - a 1.2.3.4-diisopropylidene-D-mannitol yield of about 30 %. Triiso-
propylidene-D-mannitol (1.0 mol - 302 g) is dissolved in 600 m| CH30H, to which 15 (5
g) Amberlyst® and 70 g H,O are then added. The reaction mixture is heated to 50 °C,
the solution stirred at this temperature for 40 minutes (educt, R¢0.9; 1.2;3.4-derivative,

R¢ 0.7; 3.4-derivative, R; 0.1 in CHCI3/CH;OH 1 :1), cooled to 20 °C and filtered to 7.5

ml 25 % ammonia in 25 ml 2-propanol (pH ~ 8). Cooling to 4 °C causes the starting
product to precipitate, which can thus be recovered (ca. 120 g, ~ 40 %). The filtrate is
rotated in an evaporator and purified chromatographically on silica gel 60 (Merck.
Darmstadt). One obtains 84 g (~ 32 %) of 1.2:3,4-diisopropylidene-D-mannitol. which
Is retrieved in crystalline form from hexane.

Empirical formula: C1,H-0s (MW 262.30)
calculated: C, 54.95; H, 8.45: O, 36.60
measured: C, 54.89; H, 8.34; 0. -

Reaction of 1.2:3.4-diisopropylidene-D-mannitol with tritvl chioride and benzyl chloride

(general example for tritylation and subsequent alkylation)

1.2:3.4-diisopropylidene-D-mannitol (0.2 mol - 52 Q) is dissolved in 300 ml toluene,
mixed with triethylamine (0.30 mol - 30 g) and reflux-boiled. Trityl chloride (MW
278.78; mol - 64 g) in 200 ml toluene is added dropwise, and the mixture reflux-boiled
for another 60 minutes (educt, R;0.7: product, R¢ 0.90 in CHCIy/CH,OH 10:1). The
reaction is then complete. The mixture is cooled to 20 °C. precipitated triethylamine
hydrochloride filtered off, and the filtrate rotated in an evaporator. The residue is taken
up in 400 ml THF, mixed with benzyl chloride (0.3 mol - 38 g) and reflux-boiled. K-tert.
butylate (0.25 mol - 28 g) - dissolved in 200 mi THF - is added dropwise and the reac-
tion mixture feft to stand for 1 hour (educt, R 0.90; product, Rs 1.00 in CHCIy/CH3OH
10:1). Following addition of 300 ml diisopropyl ether, the reaction mixture is extracted
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with 600 ml H,QO, the upper phase taken off and the solvent removed under vacuum.
The residue can be used directly.

Cleavage of the trityl protective group while retaining the 3.4-isopropylidene protective

aroup (general example)

The oily residue from the preceding reaction (~0.2 mot) is dissolved in 600 ml ace-
tone/CH30H 1:1, to which 3 mi H,SQ, are then added. The mixture is stirred at 40 °C

for 40 minutes, which results in complete removal of the trityl- and the 1.2-1sopropylid-
ene protective groups (educt, Ry 0.95; product, R; 0.15 in ether). The reaction mixture
Is adjusted to pH ~ 8, filtered and rotated in an evaporator. The residue is purified
chromatographically on silica gel, and crystallized from hexane.

2-0-benyzl-3.4-isopropylidene-D-mannitol

[IH2 ~— OH

I
Benzyl — 0 —CH

|

o /CH3
=7 =~=-c-=(

] 7/ \

HC — O CH3

)

HC — OH

I

CH2 — OH

Empincal formula: CiH240s (MW 312.36)
calculated: C, 61.52; H, 7.74: 0. 30.73
Measured : C, 61.44; H, 7.72: O, -
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As described for example 4c, the isopropylidene protective group can be reintroduced
In the 5.6 position. A key intermediate for the synthesis of phosphatidyi-D-mannitol
compounds is obtained, namely 2-0-benzyl-3.4;5.6-diisopropylidene-D-mannitol.

Empirical formula: C19H2306 (MW 352.42)
calculated: C, 64.75;: H, 8.01: 0, 27.24
measured: C, 64,68; H, 7.94: O -

Sugar alcohol constituents which are obtained by spilitting periodate off a vicinal diol

and reducing the resulting aldehyde with sodium borohydride (general example)

1.2:3.4-diisopropylidene-D-mannitol (0.2 mol - 26 g) is dissolved according to the
method of H. Eibl (Chem. Phys. Lipids 28 (1981) 1-5) in 200 ml CH30OH and added to
a solution of 0.2 mol sodium metaperiodate in 500 mi water. The temperature shouid
not exceed 30 °C. The reaction is complete after 15 minutes. The pH of the reaction
mixture is raised to pH = 8 with 5 M KOH in water. The precipitated salts are filtered
off, and the aidehyde reduced with sodium borohydride(0.25 mol). One obtains a >
90% yield of 1.2:3.4-diisopropylidene-D-lyxitol, which is extracted with 600 mi of chlo-

roform. The chloroform phase is rotated in an evaporator and the product crystallized
from hexane.

Empirical formula: C41H1g05 (MW 231 27)
calculated: C, 57.13; H, 8.28: 0, 34.59
measured: C, 57.07; H, 8.21, O, -

By employing the various alternatives - monoisopropylidene cleavage, periodate
cleavage from vicinal diols to produce aldehydes which are then reduced with sodium
borohydride, and the variation trityl/alkyi - sugar alcohols are obtained that are pro-
tected in very different ways. These can be converted by way of acylation or phospho-
rylation into interesting alkyl, acyl or phosphatidyl compounds.

Preparation of simple ester and ether derivatives from the oligoglycerols and sugar

alcohols portrayed (general description)
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Methods of esterification and etherification, followed by cleavage of the protective
groups, have been described in various publications. The articles listed below include

different methods of phosphorylation. These methods can be empioyed here analo-
gously.

Eibl, H.
Synthesis of glycerophospholipids
Chem. Phys. Lipids 26 (1980) 405-429

Eibl, H.

Phospholipid Synthesis

In: Liposomes: From Physical Structure to Therapeutic Applications (C.G. Knight,
editor) Elsevier, Amsterdam (1981) 19-50

Eibl, H. and Kovatchev, S.
Preparation of phospholipids and of their analogues by phospholipase D. In: Methods

of Enzymology. Vol. 72. Ed. J.M. Lowenstein. Academic Press, New York (1981) 632-
639

Eibl, H.: Phospholipids als funktionelle Bausteine biologischer Membranen Angew.
Chemie 96 (1984) 247-262

Eibl, H.: Phospholipids as functional constituents of biomembranes Angew. Chem. Int.
Ed. Engl. 23 (1984) 257-271

Eibl, H. Phospholipid synthesis: Oxazaphospholanes and dioxaphospholanes as in-
termediates. Proc. Natl. Acad. Sci. USA 75 (1978) 4074-4077

Eibl, H. and Wooley, P.: Synthesis of enantiomerically pure glyceryl esters and ethers.
|. Methods employing the precursor 1,2-1isopropylidene-sn-glycerol. Chem. Phys. Lip-
ids 41 (1986) 53-63

Eibl. H. and Wooley, P.: Synthesis of enantiomerically pure glyceryl esters and ethers.
. Methods employing the precursor 3,4-1sopropylidene-D-mannitol. Chem. Phys.
Kipids 47 (1988) 47-53
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Eibl. H. and Wooley, P.: A general synthetic method for enantiomerically pure ester
and ether lysophospholipids. Chem. Phys. Lipids 47 (1988) 63-68

Wooley, P. and Eibl, H.: Synthesis of enantiomerically pure phospholipids Including
phosphatidylserine and phosphatidylglycerol. Chem. Phys. Lipids 47 (1988) 55-62

Example 4q:

Intermediates for the synthesis of phospholipids which contain sugar alcohoils in the

polar area

As already described, the introduction via oligoglycerols of substances in the polar
area of phospholipids has a pronounced effect on the blood circulation if these sub-
stances are used as liposome components. The same result can be obtained Iif, in-
stead of the oligoglycerols, use is made of sugar alcohols. eg, phosphoric acid esters
of D-mannitol, D-lyxitol and D-threitol. These compounds can be introduced with suit-
able protective groups (see model H) into phospholipids in the manner described for
oligoglycerols. With the derivatives described, coupling with phospholipids again leads
to an sn-1 linkage between the phosphoric acid and the sugar alcohol.

D-mannitol derivative

3.4-0.0-dibenzyl-D-mannitol is prepared from 1 .2.6.5-diisopropylidene-D-mannitol by
benzylating in the 3.4 position and splitting off the Isopropylidene protective groups.
After introducing the isopropylidene protective group in the 1.2 position, tritylation and
benzylation of the exposed -OH group, one obtains, following cleavage of the trityl
group, the compound XV, which can be incorporated in the polar area of phospholip-

- 1ds.
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1.2-isopropylidene-3.4-0.0-dibenyzl-D-mannitol (see above) is cleaved with periodic
acid and reduced with NaBHj, to the alcohol XVI. This compound can be incorporated
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into the polar area of phospholipids.

D-mannitol denvative (6 hydroxyl groups)

FHZ — 0 \C’ CH3
CH —07 O
| 0 CH3
CH — OBe
|
CH — 0OBe
I
}CH — OBe

X\ CH2 - 0K

D-lyxito! derivative

V1

(5 hydroxyl groups; from D-mannitol)

| 2 N C/ 3
CH~— 07 >CH
| 3
CH — DBe

I

CH — DBe

!

CH2 ~ OH

D-threitol derivative (4 hydroxyl groups: from D-mannitol)

XVII

FHZ — (Be
FH — OBe
CH — DBe

1 |
CH2 — OH
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Model H: Polyhydric alcohols with at least 4 hydroxyl groups for incorporation into

the polar area of phospholipids

D-threitol derivative

The compound XVi is converted by way of benzyiation into 1.2-1sopropylidene-3.4.5-
0.0.0-tribenyzl-D-lyxitol. After splitting off the isopropylidene protective group, periodic
acid cleavage and reduction to the alcohol, one obtains XVIi. This compound can be
Incorporated into the polar area of phospholipids in the usuai way.

Phospholipids which contain oligoglycerols in the polar area

In earlier publications we have described how phospholipids can be easily prepared
from diacyl glycerols with saturated and unsaturated fatty acid chains, with two identi-
cal or two different fatty acid chains (DE 3239817 Ar. P. Woolley et al. Chem. Phys.
Lipids 47 (1988) 55-62; H. Eibl et al.. Chem. Phys. Lipids 47 (1988) 63-68). It is also
possible to use acyl/alkyl or alkyl/acyl glycerols as starting product. However, phos-
pholipids which contain dialkyl glycerols are metabolically extremely stable and re-
sorption is negligible.

Basically, the compounds referred to can be prepared according to two different
methods. This derives from the fact that a phosphoric acid diester is to be prepared
from two alcohols, Ri-OH and R,-OH.

The R4-OH alcohols are alcohols which contain a glycerol backbone with two fatty
acid chains and a free hydroxyi group. They can also have just one fatty acid chain
and an additional protective group, usually benzyl, for the preparation of monoacrylic
phospholipids; Ri-OH can, however, also stand for an alcohol with a simple alkyl
aroup with one or two cis double bonds.

The R-OH aicohols are alcohols which have so far been designated as G,, G, and
G, in the text. They are described by the structurai formulae il and V (for G,), Vil and
VIl (for G3) and X to XIV (for Gy4). In like manner, use can also be made of the sugar
alcohol derivatives XV to XVII.
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Model G describes how two aicohols Ry-OH and R2-OH can be utilized to prepare
good yields of phosphoric acid diesters.

R1-OH Ré"OH
POCL,

Y Y

R1-Q-POC]2 RZ-O—POC]2

i) R2~OH 1) R1h0H

2) Hydroﬂy518 2) Hydrolysis

R,-0-PO_-R.: Na*

Where, for example, Ry = 1.2-dipalmitoyl-sn-G and R» = formula X, the following
structure is obtained after removali of the protective groups:

.ICHZ — 0 —C0 — (CH,),, — CH,
CH =0 —CO — (CH,),, — CH,
0
| N
— 0 —P —0 —CH. — CH — CH
CHy — 0 —P — 0 ~CH, CH ~ CHy
0 OH 0O
| |
CH,, — lC'H — lcHZ
0 O
!
CHy — CH — CH,

A
OH OH
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Model G: Phosphoric acid diester with the formula R10-PO’; - Ro: Na®

Phosphorus oxychloride is used as phosphorylation agent. From the two alcohols
R1OH and R,OH to be linked via phosphate, one first of al| prepares the correspong-

phosphoric acid monochloride. Slightly acid hydrolysis then leads to the phosphoric
acid diesters, which, after the protective groups have been split off, form. eg, the salt
XV, 1.2-dipalmitoyl-sn-gchero-3~phospho—G1-Gz-Gg~G4; Na’,

The following list of examples can be extended at will by using different combinations
of fatty acid chains or by Introducing additional fatty acids, both of synthetic and natuy-
ral origin. If necessary in order to obtain particular properties, the phosphatidyl-oligo-

glycerols can contain additional alkyl chains or fatty acid residues in the oligoglycerol

part.

The oligoglycerol-based methods described here can thus be used and modified in
manifold ways in order to vary and influence the properties of liposomes. By analogy
with the hexadecylphosphocholines and the erucylphosphocholines, however, these
substances may also be important biologically active molecules which influence signal
transduction and thus functional pathways in the cells.

Examples of phospho - G - G, compounds

1. 1 .2-dipalmitoyl-sn-gchero—3-phospho—G1-G;_»;

Na+ salt; C41 H30N8012P (819.04)

2. 1 .2-dimyristoyl—sn—gchero~3-phospho—G1-Gz;

Na" salt: C37H7,NaO;,P (762.93)

3. 1.2_-distearoyl-sn-glycero—3~phospho—G1-Gz;,

Na” salt: CasHgsNaQ4,P (875.14)

4. 1 -palmitoyl—2-lauroyl-sn-gchero—3-phospho-G1-62;

Na“ salt; Cs7H7,NaO P (762.93)
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1 -stearoyl-2—lauroyl-sn-gchero—3-phospho-G1-Gg;

Na“ salt: CagH7gNaOy,P (790.98)

1.2-dioleoyl-sn-glycero-3-phospho-G4-G,:

Na" salt: CastHesNaQ,,P (871.11)

1.2-dierucyl-sn-glycero-3-phospho-G4-G.:

Na+ sait: Cs3H1ooNaO12P (983.32)

1 -stearoyl-2-oleoyl—sn-glycero-3-phospho—G1-Gz;

Na" sait: CasHagNaO P (873.13)

1 -palmitoyl-2—oleoyl-sn-g!ycero—3-phospho-G1-Gz;

Na+ salt: C43H32N8012P (845.07)

1 -stearoyl-z-myristoyl-sn-glycero-3-phospho-G1-Gz;

Na+ salt: C41H30N8012P (819.04)

1-stearoyl-2-palmitoyi-sn-glyce ro-3-phospho-G;-Gs:

Na” salt: C43HggNaOQ,P (847.09)

1-myristoyl-sn-glycero-3-phospho-G-Go;

Na+ salt; ngH45Na011P (552. 57)

1-palmitoyl-sn-glycero-3-phospho-G;-G,:

Na+ salt: Cst50N801 1P (580.62)

1-stearoyl-sn-glycero-3-phospho-G;-G.:

Na" salt: Cz7H54NaO1 1P (60868)

Erucyl-phospho-G;-G,:

.Na'* salt: C2sHssNaOgP (574.71)

Octadecyl-phospho-G+-G,.

Na’ salt: C24H50N803P (520.62)

Hexadecyl-phospho-G;-G,;

Na salt: C2H4sNaQgP (492.56)
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Tetradecyl-phospho-G1-G,:
Na® sait: CaoHiNaOQgP (464.51)
Oleyl-phospho-G4-G5:
Na" salt: Ca4HigNaQgP (518.60)

1-O-octadecyl-2-O-methyl-sn-glycero-3-phospho-G;-G.:

Na+ salt: CstssNaOmP (608.72)

Examples of phospho-G1-G>-G2 compounds

1.

1.2-dipaimitoyl-sn-glycero-3-phospho-G4-G,-Gs:

Na" salt: CasHggNaO4P (893.12)

1.2-distearoyl-sn-glycero-3-phospho-G;-G,-Gs:

Na" salt: CagHgsNaO44P (949.22)

1 -palmitoyl-z-lauroyl-sn-gchero—3-phospho-G1 -G,-Ga;

Na® salt: CaoH7sNaQq4P (837.01)

1-stearoyl-2-lauroyl-sn-glycero-3-phospho-G-G,-Ga:

A A

Na" salt: CazHgoNaO14P (865.06)

1.2-dioleoyl-sn-glycero-3-phospho-G1-G,-Gs:

Na” salt: C4sHaoNaO14P (945.19)

1.2-dierucyl-sn-glycero-3-phospho-G-G,-Gs:

Na' salt: CssH10sNaO44P (1057.40)

1-stearoyl-2-oleoyl-sn-glycero-3-phospho-G-G,-Gj:

Na" salt: CasHgpoNaO,P (947.21)

1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-G1-G,-Ga:

Na” salt: C45H33N8014P (919.1 48)

1-stearoyl-sn-glycero-3-phospho-G-G-Gs:

Na' salt: CaoHeoNaO 4P (682.76)
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Erucyl-phospho-G;-G,-G;;
Na” sait; Cz1He2NaQ, 4P (648.79)
Octadecyl-phospho-Gi-G,-G;;
Na“ salt: CarHssNaQ4oP (594.69)
Hexadecyl-phospho-G-G,-Ga:
Na" salt: CasHs5,NaO4oP (566.64)

3~O-octadecyl-2-O-methyI-sn-g lycero-1-phospho-G1-G-Gs:

Na salt: C31HgsNaO4,P (682.80)

Examples of phospho-G, -Go-Ga-Gy compounds

1 .2-dipa|mitoyl~sn-gchero~3-phospho—G1 -Go-G3-Gy;

Na" salt: C47HgoNaOQ P (967.20)

1 .2-distearoyl-sn-gchero—3—phospho-G1-Gz-G;;~G4;

Na" salt: Cs1H100NaQ1gP (1023.30)

1-stearoyi-2-lay royl-sn-glycero-S-phospho-61~Gz-G3-G4;

Na” sait: C45H38Nao16P (939.1 4)

1.2-d ioleoy!-sn-glycero—3-phospho-G1~Gz-Gg-G4;

Na“ salt: Cs1HesNaQ,gP (1019.27)

1 .2~dierucyl-sn-glycero—3-phospho-G1 ~G-G3-Gy;

Na* salt: CsgH112NaQ4sP (1131.48)

| 1-stearoyl-z-oieoyl-sn-glycero-3—phospho-G1-Gz-G3-G4;

Na" salt: Cs1HggNaOQ,6P (1021.29)

Erucyl-phospho—G1-G;_-G3-G4;

Na+ salt: C34H53N8012P (722.87)
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Examples of phospho-sn-G4 compounds

SN-1 -GJ_-Gg;

1. 1.2-dipal mitoyl-sn-glycero-3-phospho-sn-1 -G1-Gy;

Na" salt: C41HgoNaO;,P (819.04)

2. 1 .2-distearoyl-sn-glyoero-3—phospho—sn-1 -G1-Go;

Na“ salt: CesHsaNaO4,P (875.14)
3. 1-stearoyi-2-lau royl-sn-glycero-3-phospho-sn-1-G; -G35;
N8+ salt: C39H76N3012P (790.98)

4. 1-stearoyl-2-oIeoyl-sn-glycero-s-phospho—sn—1 -G1-Gg;

N8+ salt: C45H86Na012P (873 1 3)

sN-1-G1-G,-Gg:

1. Dipal mitoyl-sn-glycero-3-phospho-sn-1-G; -Go-Gs,

Na" salt: C44H35N8014P (893.1 2)

2. 1 .2-distearoyI-sn-glycero-s-phospho-sn-1 -G1-Go-Ga;

Na’ salt: CasHgsNaO44P (94922)

sn-1-G 1 *Gg-G_g,_-Gi;

1. 1 .2-dipaimitoyl-sn-glycero-3-phospho-sn-1 -G1-Go-G3-Gy,

Na" salt: Cs7HuNaO P (967.20)

2. 1.2-distearoyl-sn-glycero-3-phospho-sn-1 -G1-G2-G3-Gy,

Na+ salt: Cs1 H1oo NaO15P (1 023.30)

Examples of linkages with sugar alcohols

Phospho-D-mannitol compounds

1. 1 .2—dipalmitoyi-sn-gchero~3-phospho—D—mannitol;

Na+ salt: C41 H80N8013P (835.03)
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1 .2-distearoyl-sn-gchero-3-phospho—D—mannitol;

Na+ salt: C45H33N8013P (891 1 3)

1-pal mitoyI-Z-IauroyI-sn-gchero-S-phospho—D-man nitol;

Na” salt: Ca7H7NaQ;3P (788.92)

1-stearoyl-2-lauroyl-sn-glycero-3-phospho—D-mannitol;

Na™ salt; CagH7sNaQ 3P (806.97)

1 —stearoyl-Z—myn‘stoyl-sn-g!ycero-s-phospho—D-mannitof;

Na+ salt: C41 H30N8013P (835.03)

1-stearoyl-sn-gchero-3-phospho-D-mannitol;

Na+ salt; C27H54N8012P (624.67)

Octadecyi-phospho-D-mannitol:

Na+ salt; C24H50N809P (536.61 )

1 -O-octadecyl-Z-O-methyI-—sn-gchero—3-phospho-D-mannitol;

Na+ salt: 028H53N801 1P (62471 )

Phospho-D-lyxitol compounds

1.

1 .2—dipalmitoyl~sn-g!ycero-S—phospho-D-Iyxitol;

Na“ salt; CaoH7eNaO4P (805.00)

1.2-d istearoyl—sn-g!ycero—3-phospho—D-Iyxitol;

Na” salt: CasHgsNaO;,P (861.10)

1-palmitoyl-2-lauroyl-sn-g lycero-3-phospho-D-lyxitol:

Na“ sait: CasH7oNaO;,P (758.89)

t-stearoyl-2-lau royl-sn-glycero-3-phospho-D-lyxitol:

Na“ salt: CasH74NaO4,P (776.94)

1-stearoyl-2-myristoyl-sn-g lycero-3-phospho-D-lyxitol;

Na+ sait: C40H73N8012P (805.00)
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Phospho-D-threitol compounds

1. 1 .2-dipalmitoyl-sn-gchero-3-phospho—D-threitoI;

Na" salt: CagH7gNaO44P (774.97)

2. 1.2-d istearoyl-sn-gchero-3-phospho-D-threitol;

Na" salt: Ca3HasNaQ,P (831.07)
3. 1-stearoyl-2-lauroyl-sn-glycero-3-phospho-D-th reitol;
Na” salt: Ca7H7,NaOQ, P (746.91)

4. 1 -stearoyI-Z-myristoyl-sn-gchero-3-phospho-D-threitoI;

Na’ salt: CigH76NaO4P (774.97)

Example 4h:

Phosphorylation steps (general directions) based. by way of example, on the isolation

of 1.2-dipaImitovl-sn—glycero-S-phospho—qucerogch:erol, Na’ saft

POCI3 (0.1 mol - 15.3 @) in 15 ml THF is introduced into 2 three-necked flask. While
vigorously stirring the contents of the ice-cooled flask, one adds - dropwise - 1.2-di-
palmitoyl-sn-glycerol (0.1 mol - 57 g) in 100 ml THF and, separately, triethylamine
(0.11 mol - 11 g) in such manner that there is always a slight excess of triethylamine
compared to 1.2-dipalmitoyl-sn-glycerol. which takes up the HCl as it forms. The tem-

perature of the reaction mixture should not exceed 16 °C. On compietion of the addi-

tion, the reaction mixture is left to stand for a further 30 minutes at 16 °C and then
subjected to a TLC check to make sure that the reaction is complete (1.2-dipalmitoyi-
sn-glycerol, R; 0.8: 1.2-dipalmitoyi-sn-glycero-3-phosphoric acid dichloride is con-
verted by way of methanolysis to the corresponding phosphoric acid dimethyl ester, R;
0.4 in ether.)

The second phosphorylation step is carried out with a protected oligoglycerol. Here,
the conversion with 2-O-benzyi-rac-G+-1.3-0.0-1 .2-isopropylidene-rac-G, is described.
To the reaction mixture with 1.2-dipalmitoyl-sn-glycero-3-phosphoric acid dichloride
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one adds - dropwise - the above alcohol (0.105 mol - 31 g) and triethylamine (0.13 -
13 g) in 100 m! THF in such manner that the temperature of the reaction mixture does
not exceed 40 °C. After 3 hours at 40 °C the reaction is complete (starting product

phosphoric acid dimethyl ester, Ry 0.4; product methyl ester, R; 0.7 in ether). One re-
moves the triethylamine hydrochioride precipitate by filtration and hydrolyses the reac-
tion mixture, mainly 1.2-dipa mitoyl-sn-gchero-B-phospho-2-—0-benzyl-rac-gchero-1 3-
0.0-1.2-isopropylidene-rac-glycerol-monochioride together with incompletely reacted
1.2-dipaimitoyl-sn-glycero-3-phosphoric acid dichioride, with 26 g Na;CO; dissoived in
260 ml H2O. After 4 hours, 400 ml diisopropyl ether are added and the upper phase,
which contains the product, rotated in an evaporator unti crystals begin to form. 500

ml acetone are now added, and the crystals formed removed under suction at 20 °C.

The filtrate contains the protected phosphatidyliglyceroglycerol, Na* salt (R¢0.6in
CHCIs/CH3OH/glacial acetic acid/H,O 600:60:20:5). After removal of the solvent. one
obtains 48 g crude product, which is heated in 140 ml acetic acid and 60 mi H>O for

30 minutes to 60 - 70 °C (cleavage of the isopropylidene protective group). One then
adds 500 mi CHCI;, 600 mi CH30OH and 400 mi H,O and shakes thoroughly. The
lower CHCl; phase is washed again with 600 mi CH-OH and 500 mi H,QO, with addi-
tion of sufficient Na,CO; to obtain a pH of 6 in the aqueous phase. The lower chloro-
form phase is rotated in an evaporator and the residue taken up in 400 mf{ THF. To
remove the benzyl protective group, the solution has 6 g Pd/C added to it and is de-
benzylated in a H, atmosphere. The reaction is complete after about 4 hours. The
catalyst is separated off by filtration, the solvent removed and the residue (~ 30 g)
taken up in 100 ml CHCl3. 900 ml acetone are added. and the crystals formed re-
moved under suction. One obtains a white powder. 1.2-dipalmitoyl-sn-glycero-3-
phospho-glyceroglycerol, Na™ salt, yield: 26 g (~ 32 %).

Empirical formula: C41HgoNaO,P (MW 819.04)
calculated: C, 60.13; H, 9.85: Na, 2.81: 0. 23.44: P, 3.78

measured: C, 60.01; H, 9.79; Na, - 0,- : P, 3.69

1.2-dipaimitoyi-sn-glycero-3-phospho-glycero-glycero-glycerol. Na* salt

Empirical formula: CyHgsNaO,P (MW 893.12)
calculated: C, 59.17; H, 9.71; Na, 2.57: 0, 25.08; P, 3.47
measured: C, 59.11; H,9.62;Na,- ; 0, - P 3.45
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1.2-dioalmitovI-sn—gﬂycero—S-phosphoqucero-glycero-giyceroL Na sait
Empirical formula: C47HeNaOigP (MW 967.20)
calculated: C, 68.37; H, 9.59; Na, 2.38: O, 26.47; P, 3.20
measured: C, 58.29; H, 9.53; Na, - O,- : P 319

To prepare phosphatidyi-oligoglycerois with an aliphatic chain, the so-called lysophos-
phatidyl-oligoglycerols, one can start with compounds which have a benzyl ether
group in the sn-2 position of the glycerot. eg, 1-palmitoyl-2-O-benzyl-sn-glycerol. 1-
stearoyl-2-O-benzyl-sn-glycerol, 1-O-hexadecyl-2-O-benzyl-sn-glycerol, 1-O-octade-
Cyl-2-0O-benzy!-sn-glycerol etc. We have described the preparation of these com-
pounds in the publications H. Eibl and P. Woolley, Chem. Phys. Lipids 41 (1 986) 53-
63 and Chem. Phys. Lipids 47 (1988) 99-62. They are phosphorylated in the manner
described for the preparation of 1.2-dipalmitoyl«sn-gchero-3-phospho—glycerogIyoerol,
Na" salt, and reacted with the protected oligoglycerols. The protective groups are split
off analogously. in the last step, by means of catalytic hydrogenolysis with Pd/C (5 %
on activated charcoal) the benzyl groups are split off both the oligoglycerol part and
the glycerol, which carries an acyl or alkyl group (see the examples).

Preparation of the alkylphospho-oligoglycerols is easy by comparison, as in this case
the corresponding alcohols are reacted according to the given phosphorylation pat-
tern. To obtain the unsaturated sorts, however, one must use tetrahydropyranyl in-
stead of benzyl as protective group.

A different strategy altogether is employed to synthesize the unsaturated representa-
tives of this substance group. 1.2-dibenzyl-sn-glycerol is phosphorylated in the de-
scribed manner (see, in addition, German patent application DE 32 39 817), then re-
acted with a tetrahydropyranyl-protected oligoglycerol. Instead of the hydrolysis, a
methanolysis is performed and phosphoric acid triesters obtained, eg, for 2-O-tetra-
nydropyranyl-rac-G;-1.3-0.0-1 .2-isopropylidene-rac-G.:
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fHZc— 0 ~ CH, — CH,
fH = 0 = CH, = CcHg THP
/
0
CHy 0 o
0 —P —0 ~CH, ~ CH ~ CH,
OCH3 f
0
|
CH,, ~ CH — Ch,
0 0
N/
C
N\
cHy CH,

This key intermediate is now subjected to hydrolysis with Pd/C (5 % on activated
charcoal). One obtains:

?HZ—-OH
CH — OH o
l Vi
0 0
N |
o—r—o ~ CH, ~ CH —-’CHZ
OCH, .
|
CHZ—-['ZH ~ Ch,
0 0
N/
C
/N
CHy  CH,
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It Is now possibie to introduce arbitrary unsaturated and saturated fatty acids at the sn-
1 and sn-2 positions of the glycerol molecule. This step is followed, as described in
our earlier patent application, by splitting off the methyl group with LiBr and then
hydrolysing the isopropylidene and tetrahydropyrany! protective groups in 70 % acetic

acid at 60 to 70 °C. The dioleoyl compounds do not crystaliize readily and must

therefore be purified chromatographically: the dierucyl compounds, by contrast are
obtained ea,sii'y In cristalline form.

The phosphoric acid triester strategy is aiso recommended for preparing mixed-chain
phosphatidyt-cligoglycerois. In this case, as with the synthesis of lysophosphatidyi-
oligoglycerols, 1-acyl-2-O-benzyl-sn-glycerols or 1-0-alkyl-2-O-benzyi-sn-glycerols are
used as starting products and reacted analogously to 1 2-dibenzyl-sn-glycerol. Follow-
Ing catalytic debenzylation one obtains as intermediates for the G2 compound:

R----O--i:H2
1 /
CHZ\ E ?
0 -P -0 ~CH, —CH —CH
' Vi | 74
OCH3 ?
(:HZ—(]ZH-—Ci-l2
0 0
N/
C
7\
CH3 CH3
R = a) CO~(CH2)X-CH3

by (r:H2 )‘y—CH
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Unsaturated fatty acids can now be introduced at the free sn-2 position, and the mole-
cule freed from its protective groups as described. It is convenient that molecules with
the fatty acid combination 1 -palmitoyi-2-oleoyi- or 1 -stearoyl-2-oleoyl crystallize readily.

Example 5: Additional properties

As the number of glycerol molecules increases, the number of free hydroxy! groups
and thus also the polarity increases. For a proportion of § % in water, PP-G-PG, is the
only PP-G-PGj, to form a clear isotropic solution. The lipids PP-G-PG;, PP-G-PG, and
PP-G-PG; dissoive when heated above 40 °C in water and form superstructures.
When the temperature falls below 40 °C, lameliar structures with differently pro-
nounced hystereses are formed, which are recognizable on account of their anisotropy
(birefraction in polarized light). The PP-G-PG; solution becomes cloudy most quickly,
and excess lipid precipitates when the solution is left to stand at room temperature.
The lamellar phases of PP-G-PG; and PP-G-PG: remain stable even at low tempera-
tures (down to 4 °C). Whereas the transition from the isotropic to the anisotropic
phase at room temperature is recognizable after a few minutes with PP-G-PG,, it
takes several hours for PP-G-PG;. The differences in polanty are also evident from
the different retention factors (Ry) in the thin-layer chromatogram on silica gel.
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CLAIMS:
1. A composition comprising compounds with the general formula (A):
O
H Ho “ Ho
HQT—T—-—C-——O——-FI’——-O C C———O
O O OH OH
Lok

where R' and R® are independently hydrogen or a saturated or

unsaturated, branched or unbranched aliphatic or acyl residue,
X IS a whole number from 1 to 4; and

m is a whole number from 2 to 5,

wherein the compounds are more than 90% uniform with respect to the

value of m.

2. The composition of claim 1, wherein the compounds are more than

95% uniform with respect to the value of m.

3. The composition of claim 1, wherein the compounds are more than

99% uniform with respect to the value of m.

4. The composition according to claim 1, 2 or 3, wherein In the

compounds of formula (A) x=1 and m is a whole number from 2 to 4.

5. The composition according to clam 1, 2 or 3, wherein in the
compounds of formula (A), R' and R? independently are hydrogen, a

saturated or unsaturated C4 -Co4 aliphatic or C4 -Co4 acyl residue.

0. The composition according to any one of claims 1 to 5, wherein said

compound contains a phospho-rac-(1 or 3)-oligoglycerol linkage.
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/. The composition according to any one of claims 1 to 5, wherein said

compound contains a phospho-sn-1-oligoglycerol linkage.

8. The composition according to any one of claims 1 to 5, wherein said

compound contains a phospho-sn-3-oligoglycerol linkage.

9. The composition according to any one of claims 1 to 8, wherein at least

one of the residues R' and R? is an acyl residue.

10. Liposomes containing phospholipids or alkyl phospholipids or

cholesterol, and 1 to 50 mol % of compounds with the formula (A):

O

H Ho ” Ho | H Hy
Hzclz—clz—-——c—o—T—o c—+C——C—O0—+H
O O OH OH
X m

R |L2

or salts thereof, where the cholesterol, the phospholipids, the alkyl

phospholipids and the compounds of formula (A) together make up 100 mol

%, and R' and R? are independently hydrogen, a saturated or unsaturated,

branched or unbranched aliphatic or acyl residue;

X is a whole number from 1 to 4; and

m is a whole number from 2 to 5;

wherein compound (A) comprised in the liposomes are more than 90%
uniform with respect to the value of m, wherein said phospholipid and

compounds of formula (A) contain the same fatty acid residues.

11.  The liposomes of claim 10, wherein the compounds (A) are more than

95% uniform with respect to the value of m.

12.  The liposomes of claim 10, wherein the compounds (A) are more than

99% uniform with respect to the value of m.
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13.  Liposomes according to claim 10, 11 or 12, wherein said liposomes
contain 5 to 15 mol % of compounds of formula (A), with the cholesterol, the
phospholipids, the alkyl phospholipids and the compound of formula (A)
together making up 100 mol %. '

14.  Liposomes according to claim 10, 11, 12 or 13, wherein x=1.

15.  Liposomes according to claim 14, wherein m is a whole number from
21to4.

16.  Liposomes according to any one of claims 10 to 15, wherein R' and R?
are hydrogen, or a saturated or unsaturated C; -Cy4 aliphatic or C1 -Co4 4 acyl

residue.

17. Liposomes according to any one of claims 10 to 15, wherein the

compounds of formula (A) have a phospho-rac-(1 or 3)-oligoglycerol linkage.

18. Liposomes according to any one of claims 10 to 15, wherein the

compounds of formula (A) have a phospho-sn-1-oligoglycerol linkage.

19.  Liposomes according to any one of claims 10 to 15, wherein the

compounds of formula (A) have a phospho-sn-3-oligoglycerol linkage.

20.  Liposomes according to any one of claims 10 to 15, wherein, in formula

(A), at least one of R' and R? is an acyl group.

21.  Liposomes according to any one of claims 10 to 20, wherein said

liposomes have an excess negative charge.

22. Liposomes of any one of claims 10 to 20, wherein said liposomes have

No excess charge.

23. Liposomes of any one of claims 10 to 20, wherein said liposomes have

an excess positive charge.
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24. Liposomes according to any one of claims 10 to 23, wherein said
liposomes contain 0 to 70 mol % cholesterol, 1 to 50 mol % of said
compounds of formula (A), and phospholipids or alkyl phospholipids, and

these components together make up 100 mol %.

25. Liposomes according to any one of claims 10 to 23, wherein said
liposomes contain 0 to 70 mol % cholesterol, 1 to 15 mol % of said
compounds of formula (A), and phospholipids or alkyl phospholipids, and
these components together make up 100 mol %.

26. Liposomes according to any one of claims 10 to 23, wherein said
liposomes contain 25 to 43 mol % cholesterol, 5 to 15 mol % of said
compounds of general formula (A), and phospholipids or alkyl phospholipids,

and these components together make up 100 mol %.

27. Liposomes according to any one of claims 10 to 23, wherein said

liposomes contain 38 to 42 mol % cholesterol.

28. Liposomes according to any one of claims 10 to 27, wherein x = 2,

X=30rx=4.

29. Liposomes according to any one of claims 10 to 28, wherein said

liposomes contain one or more pharmaceutical drugs.

30. A pharmaceutical composition comprising liposomes according to any
one of claims 10 to 28 and, entrapped in the liposomes, at least one

pharmaceutical drug.

31. A pharmaceutical composition according to claim 30, comprising a

pharmaceutical diluent, adjuvant, carrier media or filler.

32. A method of preparing the liposomes of claim 10, comprising
transforming 1 to 50 mol % of compounds of general formula (A), as defined
in claim 10, together with other components of the liposomes being

cholesterol phospholipids or alkyl phospholipids in a quantity which, together
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with the compound of formula (A) makes up 100 mol % into a lipid suspension

and transforming said lipid suspension into liposomes.

33. The method of claim 32, wherein 5 to 15 mol % of said compounds of
general formula (A), together with 35 to 43 mol % cholesterol and 42 to 60
mol % phospholipids or alkyl phospholipids are transformed into said lipid

suspension.

34. A method of preparing the pharmaceutical composition of claim 30,
comprising preparing liposomes by transforming 1 to 50 mol % of a compound
of said general formula (A), together with the other components of the
liposomes being cholesterol phospholipids or alkyl phospholipids in a quantity
which, together with the compound of formula (A) makes up 100 mol %, and
at least one soluble or insoluble pharmaceutical drug into a lipid suspension,
and transforming said lipid suspension into liposomes, wherein when said
drug is a water-insoluble drug it is entrapped in said liposomes by dissolving
the drug together with lipid constituents, and wherein when said drug is a
water-soluble drug it is entrapped in the liposomes by adding an aqueous

solution which contains the water-soluble drug to lipid film.

35. A method of preparing the compounds of formula (A), as defined in
claim 1, comprising linking an oligoglycerol having a uniform chain length with

a phosphatidylgiycerol.

36. A method of preparing the compounds of formula (A), as defined in
claim 1, comprising linking an oligoglycerol having a uniform chain length or a

C4 -Cg sugar alcohol with an alcohol of the formula:
R10-CH»>-CH(OR3)-CH,0OH
through use of a phosphorylation agent.

37. The method of claim 36, wherein said phosphorylation agent is POCls.
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38. The method according to claim 35 or 36, wherein a phospho-rac-(1 or

3)-oligoglycerol linkage 1s formed.

39. A method according to claim 35 or 36, wherein a stereospecific

compound Is formed.

40. A method according to claim 35 or 36, wherein a phospho-sn-1-

oligoglycerol linkage 1s formed.

41. A method according to claim 35 or 36, wherein a phospho-sn-3-

oligoglycerol linkage is formed.

42. A method according to claim 35 or 36, wherein a linear oligoglycerol of

uniform chain length is used.

43. A composition comprising compounds with the general formula (A), as
defined in claim 1, the compound being prepared by the process of linking an
oligoglycerol having a uniform chain length or a C4 -Cg sugar alcohol with an

alcohol of the formula:
R10-CH,-CH(OR;)-CH,0OH
through use of a phosphorylation agent.

44, A protected oligoglycerol with the formula (B):

H,C——CH——CH,

O/ \O
/\
HsC  CHs

O*——CH, CH ———CH,

in which Y i1s a whole number from 1 to 9 and X is a benzyl, alkyl or

tetrahydropyranyl group, provided that when X is methyl then Y is 2 to 9.
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45. The protected oligoglycerol of claim 44, wherein Y is a whole number

from 1 to 3.

46. Use of a protected oligoglycerol as claimed in claims 44 or 45 for

preparing the compounds of formula (A), as defined in claim 1.

47.  An alkyl oligoglycerol with the formula (C):

H,C——CH——CH, O*——CH, CH ——CH, O—}—CH, CH——CH,

OH OH OH OX OX

in which Y is a whole number from 1 to 8 and one of the residues X or

Z is a saturated or unsaturated aliphatic residue, while the other residue Is

hydrogen.

48. The alkyl oligoglycerol of claim 47, wherein Y is a whole number from
1 to 3. '
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