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(57) ABSTRACT 

In order to form liposornes With a longer half-life in blood, 
use is made of de?ned compounds With the general formula 

(A) 

o R3 

o 0 o9 R3 OH 
I I H X m 
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PHOSPHATIDYL OLIGOGLYCEROLS 

[0001] The invention relates to phosphatidyl compounds 
Which contain a de?ned hydrophilic residue, and to long 
circulating liposomes. 
[0002] 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 circulate 
in the bloodstream for as long as possible. 

[0003] To this end, the so-called “stealth liposomes” Were 
developed, Which are not destroyed in the bloodstream so 
quickly. These “stealth liposomes” are built up on the basis 
of phosphatidyl compounds Which have an extended poly 
ethylene glycol residue. The polyethylene glycol residue 
proved to be most effective in producing the desired increase 
in liposome survival duration When the molecular Weight 
Was betWeen 2000 and 3000. A serious disadvantage, hoW 
ever, of these “stealth-liposomes”, ie, of these phosphatidyl 
compounds With a polyethylene glycol residue, is that the 
compounds are not exactly de?ned, since the polyethylene 
glycol residues display different chain lengths. 

[0004] Maruyama et al. (Int. J. Pharmac. 111 (1994), 
103-107) suggested the use of dipalmitoyl phosphatidyl 
polyglycerols to lengthen the duration of liposome circula 
tion. HoWever, since technical-grade polyglycerols Were 
used as starting material, no uniform products Were obtained 
here either. Technical polyglycerols, Which consist of a 
mixture of polyglycerols With different chain lengths and 
monoglycerol, and Which are characteriZed by their average 
molecular Weight, Were phosphatidylated by means of phos 
pholipase D. The resulting products only led to a small 
increase in the survival duration of liposomes in the blood. 

[0005] The object of this invention Was thus to provide 
compounds Which increase the survival duration of lipo 
somes and Which are of exactly de?nable composition. 

[0006] This objective is established according to the 
invention by means of a compound With the general formula 

(A) 

o R3 

o 0 o6 R3 

l1 l2 

[0007] Where R1 and R2, independent of each other, 
stand for hydrogen or a saturated or unsaturated alkyl 
or acyl residue, Which may be branched and/or 
substituted, R3 stands for hydrogen or an alkyl resi 
due, 

[0008] n=0 or1, 

[0009] X is a Whole number from 1 to 4 and 

[0010] m is a Whole number from 2 to 10 if n=0, or 
a Whole number from 1 to 10 if n=1, or 1 if X is 
greater than 1, 
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[0011] and Where, in the case that n=0, the compound 
is more than 90% uniform With respect to the value 
of m. 

[0012] The stepWise synthesis—upon Which this invention 
is based—of the hydrophilic residues of the phosphatidyl 
compounds of formula (A) makes it possible to obtain 
compounds of an exactly de?ned composition. 

[0013] The compound of the invention, With the formula 
(A), is thus not a mixture of various molecules of inde?nite 
composition and chain length, but can be synthesiZed to 
have precisely the desired structure. If, for example, the 
desired product is a triglycerol derivative, 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 derivatives 
of other chain lengths. The content of monoglycerol deriva 
tives, 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 oligoglycerol derivative. 

[0014] According to the invention, the compound of for 
mula (A) is a uniform compound of de?ned structure. It is 
of advantage if, With respect to the value of m, the com 
pound is greater than 95% uniform. It is to greater advantage 
if it is more than 99% uniform. It is even possible to provide 
a compound Which is more than 99.9% uniform With respect 
to the value of m. 

[0015] The compound is preferably an oligoglycerol 
derivative With 2 to 5 glycerol units, more preferably With 2 
to 4 glycerol units. It is to advantage if these are 1.3-linked 
linear oligoglycerol residues. 

[0016] According to the invention, the residues R1 and R2, 
independent of each other, stand for hydrogen, a saturated or 
unsaturated CJL-C24 alkyl or CJL-C24 acyl residue, preferably 
hydrogen or a saturated or unsaturated C8-C24 alkyl or 
C8-C24acyl residue, it being bene?cial if it at least one of the 
residues R1 and R2 is an acyl residue. 

— CH2—O H 

X In 

[0017] The residue R3 is preferably hydrogen or an alkyl 
residue With 1 to 4 carbon atoms. 

—CH 

[0018] The compound of formula (A) can be a racemic 
compound Which contains a phosphorac-(1 or 3)-oligoglyc 
erol linkage, or it can be in the form of a stereospeci?c 
isomer. The stereoisomers can have a phospho-sn-1-oli 
goglycerol linkage or a phospho-sn-3-oligoglycerol linkage. 
The formation of the stereospeci?c 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). 
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[0019] The subject matter of the invention also includes 
liposomes Which contain phospholipids and/or alkyl phos 
pholipids, maybe cholesterol, and 1 to 50 mol % of a 
compound With the general formula (A), 

[0020] or salts thereof, Where the cholesterol, the phos 
pholipids, the alkyl phospholipids and the compound of 
formula (A) together make up 100 mol %, and R1 and R2 
independent of each other, stand for hydrogen, a saturated or 
unsaturated alkyl or acyl residue Which may be branched 
and /or substituted, R3 stands for hydrogen or an alkyl 
residue, 

n = 0 or 1, 

x is a Whole number from 1 to 4 and 
m is a Whole number from 2 to 10 if n = 0, or a Whole number from 

1 to 10 if n = 1, or 1 if 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. 

[0021] The liposomes of the invention have a half-life in 
serum of up to 18 to 20 hours. Surprisingly, the liposome 
concentration in blood Was found to decrease linearly. 

[0022] It is bene?cial according to the invention if com 
pound (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 espect to the 
value of m. 

[0023] The liposomes preferably contain a compound of 
formula (A), in Which x=1 and m is a Whole number from 
2 to 5; it is even more preferable if m is a Whole number 
from 2 to 4. 

[0024] The residues R1 and R2 of the compound of for 
mula (A) contained in the liposomes can stand, independent 
of each other, for hydrogen or a saturated or unsaturated 
C1-C24 alkyl or C1-C24 acyl residue, preferably hydrogen or 
a saturated or unsaturated C8-C24 alkyl or C8-C24 acyl 
residue. The substituent is a residue Which does not interfere 
during the preparation. R3 is preferably hydrogen or a C1-C4 
alkyl residue. 

[0025] The compound of formula (A) can be present in the 
liposomes as a racemic mixture, ie, With a phosphorac-(1 or 
3)-oligoglycerol linkage. It is preferable if it is present in 
stereospeci?c form With a phospho-sn-1 -oligoglycerol link 
age or a phospho-sn-3-oligoglycerol linkage. 

[0026] It is to advantage if at least one of the residues R1 
and R2 of formula (A) is an acyl group. 

[0027] It is bene?cial if liposomes containing the com 
pound of formula (A) With n=0 exhibit an excess negative 
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charge. HoWever, liposomes can also be prepared from 
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. 

[0028] 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 pre 
ferred. 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 phos 
pholipids 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 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. 

[0029] The phospholipids and/or alkyl phospholipids can, 
for example, be diacyl phosphoglycerols of de?ned struc 
ture. Generally speaking, these lipid components can be 
used as compounds of de?ned structure. 

[0030] In the case that x>1, it is preferable if the residue 
—CH2(—CHOH))X—CH2—OH derives from sugar alco 
hols Which have four hydroxyl groups for x=2, ?ve 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. 

[0031] The liposomes of the invention have a markedly 
longer half-life in the blood stream. Their half-life is pref 
erably 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 abso 
lutely 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. 

[0032] Aparticularly 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 
liposomes, enrichment thereof in the spleen has been found 
Which exceeds enrichment 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 
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nm) to LUVs (Large Unilamellar Liposomes; diameter 
about 190 nm), the degree of enrichment in the spleen 
increases many times over. The preferential accumulation in 
the spleen also increases as the number of carbon atoms in 
R1 and R2 increases. 

[0033] It Was found, in addition, that the liposomes of the 
invention also accumulate in certain tumour tissues. This 
Was observed to be the case, for example, With breast 
carcinomas induced by nitrosomethylurea (MNU carci 
noma). 
[0034] The liposomes of the invention can also contain 
one or more pharmaceutical drugs. 

[0035] 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 doxoru 
bicin, epirubicin and daunomycin, With doxorubicin being 
especially preferred. Other preferred anti-tumour drugs are 
idarubicin, hexadecylphosphocholine, 1-octadecyl-2-me 
thyl-rac-glycero-3-phosphocholine, 5-?uoruracil, cis-plati 
num complexes such as carboplatin and novantron, and 
mitomycins. 
[0036] Other preferred groups of drugs are immunomodu 
lating substances such as citokines, of Which interferon and, 
in particular, ot-interferon are given special preference, 
antimycotic substances (eg, amphotericin B), and drugs to 
combat protoZoan diseases (malaria and trypanosome and 
leishmania infections). Taxol is another preferred drug. 

[0037] 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, ilmo 
fosin and SR162-834. 

[0038] 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. 
[0039] The subject matter of the invention also includes 
use of the liposomes according to the invention for preparing 
an agent to in?uence cell proliferation, With the drug pref 
erably being a cytokine, in particular ot-interferon. 

[0040] 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 ?llers. 

[0041] The liposomes of the invention are prepared using 
methods Which are knoWn per se and With the usual equip 
ment. Typically, a solution containing the various compo 
nents 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 
perforated 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 
alkyl phospholipids are converted into a lipid suspension, 
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Which in turn is converted into liposomes by means of 
suitable measures and in a manner knoWn per se. 

[0042] 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 ?lm. 

[0043] The compounds of the invention, having the for 
mula (A), can be prepared in cases Where n=1 by linking a 
de?ned oligoglycerol With a phosphatidyl ethanolamine by 
Way of the amino group. This results in neutral compounds, 
ie, compounds Without an excess charge. The de?ned oli 
goglycerols used for linking are compounds With the for 
mula 

[0044] In cases Where n=0 compounds With the general 
formula (A) are made by linking a de?ned oligoglycerol 
With a phosphatidylglycerol. When n=0, compounds With 
the general formula (A) can also be made—using a phos 
phorylation agent—by linking a de?ned oligogycerol or a 
C4-C6 sugar alcohol With an alcohol of the formula CH2— 
OR1—CHOR2—CHOH. As phosphorylation agent, use is 
made preferably of POCl3. 

[0045] The preparation of phospholipids from diacyl glyc 
erols is described in the literature (DE 32 39 817 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. 

[0046] Using the abovedescribed methods, a racemic com 
pound is formed Which contains a phospho-rac-(1 or 3)-oli 
goglycerol linkage. It is to advantage if stereospeci?c com 
pounds are formed, Which exhibit a phospho-sn-1 
oligoglycerol linkage or a phospho-sn-3-oligoglycerol 
linkage. To make a compound of formula (A), it is preferable 
to use a linear oligoglycerol of de?ned chain length. 

[0047] The subject matter of the invention also includes a 
protected oligoglycerol of the formula (B), 

[0048] Where Y is a Whole number from 1 to 9 and X is a 
benZyl, alkyl or tetrahydropropanyl group. It is bene?cial if 
Y is a Whole number from 1 to 3. It is possible according to 
the invention to obtain 1.3-linked oligoglycerols in practi 
cally pure form. Oligoglycerols of a prede?ned chain length 
can be prepared Which contain hardly any impurities in the 
form of oligoglycerols With different chain lengths. In addi 
tion, these oligoglyerols of the invention are practically free 
of monomeric glycerol. In other Words, uniform compounds 
are obtained, Which have a de?ned structure. 

[0049] In the oligoglycerol, X can also stand for a different 
suitable protective group. It is also possible to replace the 
acetone With another protective group, in particular another 
ketone. 
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[0050] The invention comprises, in addition, alkyl oli 
goglycerols of formula (C) 

O O O O O 

H H H Y X Z 

[0051] 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 alkyl oligoglycerols are also 
uniform compounds of de?ned structure. The production of 
oligoglycerols, protected oligoglycerols and alkyl oligoglyc 
erols is of particular interest, because With the help of these 
starting materials a number of important and novel adjuvants 
serving as solubiliZers and to improve membrane perme 
ation are obtained. Of particular interest With respect to 
increasing the period for Which the liposomes survive in the 
blood stream is the production of phosphatidyl oligoglycerol 
derivatives of formula (A), Which carry additional hydroxyl 
groups in the polar area. 

[0052] 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, con 
trast 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 observed 
in tumour tissue is of importance With regard to delivering 
drugs, contrast agents and the like speci?cally to such tissue. 

[0053] The folloWing examples, together With the 
enclosed draWings, explain the invention in more detail. In 
the draWings: 

[0054] FIG. 1 shoWs the total-organ distribution of lipo 
somes according to the invention in the spleen and in the 
liver. 

[0055] FIG. 2 shoWs the per-gram distribution of lipo 
somes according to the invention in the spleen and in the 
liver. 

[0056] FIG. 3 shoWs hoW the blood levels of different 
liposomes of the invention vary as a function of time. 

EXAMPLE 1 

[0057] In an animal experiment, liposomes Were used 
Which consisted of 40 mol % cholesterol, 10 mol % phos 
phatidylglycerol and 50% dipalmitoyl lecithin. The lipo 
somes had a half-life in serum of 4 hours, With a typical 

persistence characteristic, ie, a rapid decrease to start With, 
folloWed by a sloWer decrease. 

[0058] Liposomes of the same composition Were prepared, 
in Which the phosphatidylglycerol Was replaced by a phos 
phatidylglycerol G2 of the invention. Ahalf-life in serum of 
18 to 20 hours Was measured, the decrease With time being 
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absolutely linear. This linear relation Was observed irrespec 
tive of the siZe of the liposomes. The same linear reduction 
in serum liposome concentration Was found With 50 nm 

liposomes and With 150 nm liposomes. The linear reduction 
in blood liposome concentration Was also observed for 
different starting concentrations. 

EXAMPLE 2 

[0059] Percentage of liposomes in the blood stream after 
6 hours 

[0060] Liposomes according to the invention Were pre 
pared, consisting of dipalmitoyl-sn-G-3-PC/cholesterol/di 
palmitoyl-sn-G-3-PGy in a molar ratio of 45:45:10. The 
percentages 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/dipalmitoyl-sn-G-3-PGyi 
45:45:10 are listed too. Compared to the prior art, the 
example of the invention shoWs a pronounced increase in the 
quantity of liposomes found. 

TABLE 1 

Y Comparative example Y Example of the invention 

0 18% O 21% 
2 19% 2 80% 
3 — 3 82% 

4 20% 4 56% 

EXAMPLE 3 

[0061] Liposomes consisting of 1,2-dipalmitoyl-sn-glyc 
ero-3-phosphocholine, 1,2-dipalmitoyl-sn-glycero-3-phos 
phoglyceroglycerol (PGn) and cholesterol in a molar ratio of 
4:1:5 Were doped With tritium-labelled inulin. These lipo 
somes Were administered to rats in a dosage of 100 pmol 

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. FIG. 1 
of the enclosed draWings shoWs that for a liver Weight Which 
is about 15 times higher than that of the spleen, the distri 
bution of liposomes (SUVs) increases substantially in favour 
of the spleen as the number of glycerol units increases (x=1; 
m=1 to 4 in formula A). 

[0062] In FIG. 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, FIGS. 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 equals 24. In practical terms, 
this means that it is no longer possible to target the liver With 
these liposomes. 
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EXAMPLE 4 

[0063] Preparation of compounds With the formula (A) 

EXAMPLE 4a 

[0064] Key intermediate With the formula I 

[0065] The oligoglycerols diglycerol (G2), triglycerol (G3) 
and tetraglycerol (G4) can be prepared from an easily 
obtained key intermediate With the formula I, 1.2-isopropy 
lidene-rac-glycero-3.1 -rac-glycero-3-allylether, (see model 
A). 

CH2— CH— cH2 

OH O 
I 

1) Rearrangement allyl/propenyl 
2) Acidic cleavage 

G2 
1)1) Epoxidation 
2)2) Acidic cleavage 

1) Epoxidation 
2) Opening With allyl alcohol 
3) Epoxidation 
4) Acidic cleavage 

[0066] Model A: oligoglycerols from formula I 
[0067] The intermediate product described by formula I 
can be obtained in large quantities from commercial allyl 
glycidyl ether by NaOH-catalyzed ring opening With 1.2 
isopropylidene-racglycerol, Which is likeWise available in 
the chemicals trade: 

[0068] Epoxide opening With alcohols (general example) 
[0069] Production of the key intermediate With the for 
mula l: 1.2-isopropylidene-rac-GIL-3.1-0.0-3-0-allyl-rac-G2 

Reaction With 1.2-isopropylidene-G 
(catalytic quantities of NaOH) 
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[0070] 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 (Rf in 
ether=0.8) has reacted completely to form the G3 constituent 
(Rf in ether=0.6) The excess isopropylidene-rac-glycerol has 
an Rf of 0.65 in ether and is removed from the reaction 
mixture at 75° C./ 10 mbar. The residue has 1 l diisopropyl 
ether added to it and is extracted tWice With 1 1 NaCl (1% 
solution in H2O) in each case. The organic phase is rotated 
in an evaporator and distilled (Kpilo-l mbar 125° C.). 

[0071] The yield of the pure product 1.2-isopropylidene 
rac-G -3.10.0-3-0-allyl-rac-G2 (MW 246.30) is 1025 g (ca. 

1 

70%). 
[0072] 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. 

[0073] The intermediate product With the formula I can 
also be obtained from 1 .2-isopropylidene -rac 
glycero3glycidyl ether by means of NaOH-catalyzed ring 
opening With allyl alcohol. In this case, 1.2-isopropylidene 
rac-glycero3-glycidyl ether must ?rst be made from allyl 
glycerol. 

EXAMPLE 4b 

[0074] Alkylation of primary or secondary hydroxyl 
groups (general example) 

[0075] Preparation of a key intermediate: 1.2-isopropy 
lidene-rac-Gl-3.1-0.0-2-0-benZyl-3-0-allyl-rac-G2 

<— (G2) 

CH;— CH: CH; 

[0076] The key intermediate, 1.2-isopropylidene-rac-G1 
3.1-rac-G2-0-allyl ether (MW 246.30; 0.5 mol -123 g) is 
dissolved in 500 ml tetrahydrofuran, has benZyl chloride 
(0.6 mol -76 g) added to it and is re?ux-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 re?ux-boiling (TLC check-Rf in ethyl ether: 
educt, Rf=0.1; product, Rf=0.4). The reaction mixture has 1 
l diisopropyl ether and 1 l 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. 
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[0077] Empirical formula C19H28O5 (MW 336.42) 

[0078] 

[0079] measured: C, 67.78; H, 8.34; O, — 

[0080] Instead of benZyl chloride, use can also be made of 
benZyl bromide, allyl chloride 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. 

calculated: C, 67.83; H, 8.39; O, 23.79 

EXAMPLE 4c 

[0081] Synthesis sequence 0-allyl etherQ0-propenyl 
etherQalcohol (general example) 

[0082] Preparation of 2-0-benZyl-rac-G1-1.3-0.0-1.2-iso 
propylidene-rac-G2 

CH3\ 9H3 
C 

O/ \O 

CH2 CH2_ CH2 
| /CH2—C6H5 <— (G1) 

T T 
CH2— CH— (I112 <— (G2) 

T 
CH2—CH=CH2 

1) K-tert. butylate in dimethyl 
formamide 

2) HCl 7 H2O in 1-propanol 

OH OH 

OH 

3) 2.2 dimethoxypropane 
(H2504) 

CH3\ CH3 
C, 

T/ \T 
T T 
CH2—CH—CH2 /C6H5 

/CH2 
O O 

[0083] Rearrangement 

[0084] 1.2-isopropylidene-rac-G1-3.1-0.0-2-0-benZyl-3-0 
allyl-rac-G2 (0.5 mol -168 g) is dissolved in 500 ml 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 
stirring, left for 15 minutes at this temperature and then 
cooled to 20° C. FolloWing the addition of 500 ml diiso 
propyl ether and 500 ml 1% NaCl, the upper, diisopropyl 
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ether phase is removed and the solvent eliminated under 
vacuum (TLC check-Rf in hexane/diisopropyl ether (1:1): 
educt, Rt=0.2; product, Rt=0.4). 
[0085] Cleavage of the propenyl protective group 

[0086] The residue from the above reaction, approxi 
mately 168 g, is dissolved in 500 ml methanol and, folloW 
ing addition of 50 ml 1 M HCl, is re?ux-boiled. The reaction 
is complete after 60 minutes (TLC check in hexane/diiso 
propyl ether (1:1): educt, Rf=0.4; product, Rf=0). The yield 
of rac-Gl-3.1-rac-G2-2-0-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. 

[0087] 
[0088] 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 HZSO4 in 
10 ml THF are added, and then stirred for 2 hours at 25° C. 
The reaction mixture is neutraliZed With saturated Na2C03 
solution, the precipitate removed under suction and the 
?ltrate rotated With xylol under vacuum to free it of Water. 
The product is puri?ed chromatographically on silica gel 60 
(Merck, grain siZe 0.2-0.5 mm) (Rf in diethyl ether: educt, 
Rf=0.0; product, Rt=0.4). One obtains 121 g of the important 
intermediate needed for the preparation of phosphatidyl 
diglycerols (G2 parent substance). 

Introduction of the isopropylidene protective group 

[0089] G2 parent system: 

[0090] 2-0-benZyl-rac-G1-1.3-0.0-1.2-isopropylidene-rac 
G2 (yield 82%). Empirical formula: C16H24O5 (MW 296.36) 

[0091] calculated: C, 64.85; H, 8.16; O, 26.99 

[0092] measured: C, 64.82; H, 8.14; O, — 

[0093] Intermediates Which have higher proportions of 
oligoglycerol and are likewise needed for the production of 
phosphatidyl oligoglycerols can be prepared analogously. 
Some analytical ?ndings pertaining to key intermediates are 
summariZed beloW: 

[0094] G3 Parent system: 

[0095] 2-0-benZyl-rac-G1-1.3-0.0-2-0-benZyl-racG2-1.3 
0.0-1.2-isopropylidene-rac-G3 Empirical formula: C2H3607 
(MW 460.56) 

[0096] calculated: C, 67,81; H, 7.88; O, 24.32 

[0097] measured: C, 67,75; H, 7.85; O, — 

[0098] G4 parent system: 

[0099] 2-0-benZyl-rac-G1-[1.3-0.0-2-O-benZyl-G]2-1.3 
0.0-1.2-isopropylidene-rac-G4 Empirical formula: C36H4809 
(MW 624.77) 

[0100] calculated: C, 69.21; H, 7.74; O, 23.05 

[0101] measured: C, 69.17; H, 7.69; O, — 

[0102] G6 parent system: 

[0103] 2-0-benZyl-rac-G1[1.3-0.0-2-0-benZyl-rac-G]4-1.3 
0.0-1.2-isopropylidene-rac-G6 Empirical formula: C56H72013 
(MW 953.172) 

[0104] calculated: C, 70.57; H, 7.61; O, 21.82 

[0105] measured: C, 70.56; H, 7.54; O, — 
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[0106] G8 parent system: 

[0107] 2-0-benZyl-rac-G1-[1.3-0.0-2-0-benZyl-rac-G]6 
1.3-0.0-1.2-isopropylidene-rac-G8 Empirical formula: 
C76H96017 (MW 1281.58) 

[0108] calculated: C, 71.23; H, 7.55; O, 21.22 

[0109] measured: C, 71,15; H, 7.53; O, — 

EXAMPLE 4d 

[0110] Substances Which bear the tetrahydropyranyl pro 
tective group (instead of benZyl) (Preparation of phosphati 
dyl oligoglycerols Which contain unsaturated fatty acids) 

[0111] For this variant, 1.2-isopropylidene-rac-glycero-3 
0-allyl ether is prepared and epoxidiZed as described by H. 
Eibl and P. Woolley (Chem. Phys. Lipids 41 (1986) 53-63). 

[0112] Epoxidation (general example) 
[0113] 1.2-isopropylidene-rac-glycero-3-0-allyl ether 
(MW 172.22; 1 mol -172 g) is dissolved in 1 l CH2Cl2. 
3-chloroperoxybenZoic acid (1.1 mol) is added portion-Wise 
and the reaction mixture stirred for 6 hours at 25-30° C. The 
educt (Rf 0.5 in diethyl ether/pentane 1:1) is by then trans 
formed completely into the desired product (Rf 0.2 in the 
above system). After removing the precipitate by suction 
?ltration, 100 g NaZCO3 is added to the ?ltrate and the 
mixture stirred for another 3 hours at 20° C. The precipitate 
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-G1-3. 1-0.0-2.3-isopropylidene-rac-G2 and the 
free —OH groups converted With 3.4-dihydro2H-pyran into 
the tetrahydropyran derivative. 

[0114] Introduction of the tetrahydropyran protective 
group (general example) 

[0115] 1-0-benZyl-rac-G1-3.1-0.0-2.3-isopropylidene-rac 
G2 (MW 296.36; 1 mol -296 g) is dissolved in 1 1 THE, to 
Which 1.4 mol 3.4-dihydro-2H-pyran and 0.1 mol toluene 
sulfonic acid are added. The reaction is complete after 1 hour 
(educt, Rf 0.65; product, Rf 0.90 in diethyl ether). 1 10.2 mol 
Na2C03 solution and 1 l diisopropyl 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 H2 in the presence of a 
PD/C catalyst (5 % Pd based on the alcohols) into the G2 
constituent With free hydroxyl group. 

[0116] G2 parent system: 2-0-tetrahydropyranyl-rac-G1 
1.3-0.0-1.2-isopropylidene-rac-G2 (Yield 80% expressed in 
terms of the epoxide) 

[0117] Empirical formula: C14H2706 (MW 291.36) 

[0118] calculated: C, 57.71; H, 9.34; 0, 32.95 

[0119] measured: C, 57.59; H, 9.29; 0, — 

[0120] Compounds With other parent systems can be con 
verted into THP-protected structures in the same Way. For 
example, the 3-0-allyl ether of example 4a can be converted 
to an epoxide and opened With allyl alcohol. Again, a 
3-0-allyl ether is formed, Which is epoxidiZed and opened 
With benZyl alcohol to form the product beloW, Which, 
through introduction of 3 THP protective groups and cata 

Jul. 11, 2002 

lytic hydrogenolysis, can be converted to an intermediate 
With the G4 parent system. 

Benzyl 

O OH 

CH;— CH— CH2 

0 OH 

[0121] G4 parent system: 

[0122] 2-O-THP-rac-G1[1.3-0.O-2-0-THP-rac-G]2-1.3 
0.0-1.2-isopropylidene-rac-G4 Empirical formula: C3OH4502 
(MW 607.75) 

[0123] 

[0124] 

calculated: C, 59.29; H, 9.12; O, 31.59 

measured: C, 59.24; H, 9.08; O, — 

EXAMPLE 4e 

[0125] Further processing of the intermediate With the 
formula I 

[0126] G2 parent system (racemic) 

[0127] From formula I, a key intermediate for the prepa 
ration of the G2 parent system is obtained (see model B). To 
this end, the secondary —OH function in formula I is 
alkylated, benZylated, or protected With tetrahydropyran. 

Formula I 

a) Alkylation 
b) Benzylation 
c) Introduction of THP protective group 

[0128] Model B: Key intermediate for preparing the G2 
parent system: 

[0129] X=saturated or unsaturated alkyl, benZyl or THP 

[0130] Alkyl-G2 compounds 
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[0131] 1) 2-0-alkyl-rac-G1-1.3-0.0-rac-G2 

[0132] The intermediate compound of formula II in Which 
X=alkyl is freed of the protective groups. The following 
compounds Were isolated: 

[0133] 2)1-0-alkyl-rac-G1-3.1-0.0-rac-G2 

[0134] In the intermediate compound of formula II in 
Which X=benZyl, allyl is removed from the 1-position and 
the corresponding alkyl chain incorporated in the 1-position. 
FolloWing removal of the protective groups, the folloWing 
compounds Were obtained: 

[0135] Unsaturated 1-O-alkyl diglycerols can also be 
obtained directly by Way of epoXide opening of 1.2-isopro 
pylidene-glycero-glycidyl ether (Model D, formula IV) With 
alcohols, eg, 

[0136] HoWever, this path is only suitable for shorter 
chain alcohols, since the yields for long-chain alcohols such 
as oleyl alcohol are loW. To prepare 1-oleyl-G2, therefore, a 
synthetic pathWay via 2-O-THP-glycero-1.3-0.0-(1.2-iso 
propylidene)glycerol is preferred (model D, formula V) 

1-O-Olevl-G2: c24rr48o5 (416.64) 

[0137] Intermediates for the synthesis of phospholipids 
Which contain diqlycerols in the polar area 

[0138] Compounds With good protective groups for these 
syntheses contain a 2-O-benZyl ether or a 2-O-tetrahydro 
pyranyl ether group in G1. 

[0139] 1) 
lidene)-rac-G2: 

2-O-benyZl-rac-G1-1.3-0.0-(1.2-isopropy 

C16H24O5 (296.36) 
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[0140] The compound With the formula III is obtained by 
alkaline allyl/propyl rearrangement, benZylation of the sec 
ondary —OH group and subsequent acidic cleavage of the 
propenyl protective group. 

Formula I 

1) Rearrangement allyl/propenyl 
2) Benzylation 
3) Acidic cleavage 

OBe 

[0141] Model C: Starting product for phosihatidyl diglyc 
erols With saturated fatty acid residues. 

[0142] 2) 2-O-tetrahydropyranyl-rac-G1-1.3-0.0-(1.2-iso 
propylidene)-rac-G2: 

C14G27O6 (291.36) 

[0143] The compound With the formula V is made from 
allyl glycerol. The intermediate IV is obtained by Way of 
addition of isopropylidene folloWed by epoXidation. After 
opening the epoXide With benZyl alcohol, the THP protective 
group is introduced and the benZyl group removed. 

OH OH 0 

CH;— CH: CH2 
Allyl glycerol 

1) H"; 2.2 dimethoXy propane 
2) EpoXidation 

CH; CH— CH2 

CH;— CH— CH2 
CH3 CH3 

0 

3) Opening With benzyl alcohol 

4) H"; 
O 

5) H2; Pd/C 
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-continued 
CH;— CH— CH2 

0 o 0 

CH;— CH— CH;— OH \ 
v CH3 CH3 

[0144] Model D: Starting product for phosphatidyl dig 
lycerols With unsaturated fatty acid residuesG3 parent sys 
tem (racemic) 

[0145] From the key intermediate With the formula II it is 
possible, With inclusion of the allyl group, to develop 
triglycerols. Following epoXidation, various intermediates 
and end products of pharmaceutical interest can be made 
from the epoXide. 

Intermediate II 

i Epoxidation 

(I) O 

[0146] Model E: Starting products for making G3 parent 
systems. 

[0147] Triglycerols can be prepared from the key inter 
mediate With the formula VI; the intermediate is also used 
for making G4 parent systems. In formula VI, X stands for 
hydrogen, a saturated alkyl, a benZyl or a THP residue. 

[0148] Alkyl-G3 compounds 

[0149] 1) 1-O-alkyl-rac-G1-1.3-0.0-rac-G2-1.3-0.0-rac-G3 
[0150] The epoXide With the formula VI (X=H) is opened 
directly With alcohols and, after the isopropylidene protec 
tive group has been split off, results in the folloWing 
compounds: 

[0151] For longer-chain alcohols, direct opening results in 
poor yields. For this reason, the oleyl and erucyl compounds 
of G3 Were prepared by opening of VI (X=THP) With benZyl, 
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THP-protection of the secondary hydroXyl groups formed, 
catalytic debenZylation, alkylation in the 1 position and 
removal of the protective groups. 

(490.72) 
(456.82) 

[0152] 2) 2-O-alkyl-rac-G1-1.3-0.0-rac-G2-1.3-0.0-rac-G3 
[0153] The epoXide of formula VI (X=benZyl or THP) is 
opened With allyl alcohol and alkylated in the 2 position. The 
protective groups are removed in the usual Way. For the 
preparation of the unsaturated 2-0-alkyl compounds, rear 
rangement of the allyl protective groups must precede 
alkylation. In addition, only the THP protective group and 
not benZyl can be used in G2 here. The folloWing compounds 
Were prepared: 

[0154] Intermediates for the synthesis of phospholipids 
Which contain triglycerides in the polar area 

[0155] BenZyl and tetrahydropyranyl (THP) residues are 
convenient protective groups for synthesiZing phospholipids 
Which have G3 residues 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. 

[0156] 1) 2-O-benyZl-rac-G1-1.3-0.0-(2-O-benZyl)-rac 
G2-1.3-0.0-(1.2-isopropylidene)-rac-G3 

C26H36O7 (460.56) 

[0157] This compound is obtained from the key interme 
diate VI (X=benZyl) by opening With allyl alcohol, benZy 
lation of the 2 position and cleavage of the allyl protective 
group. In the teXt, the compound is referred to as formula 
VII. 

[0158] 2) 2-O-THP-rac-G1-1.3-0.0-(2-O-THP)-rac-G2 
1.3-0.0-(1.2-isopropylidene)-rac-G3: 

C22H41O9 (449.56) 

[0159] To prepare unsaturated G3-phospholipids, the resi 
due X=THP is used in VI. The epoXide VI is opened With 
benZyl alcohol, the secondary hydroXyl group thus eXposed 
protected With THP, and the benZyl residue removed cata 
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lytically With HZ/Pt. The compound made in this Way is 
referred to in the text as formula VIII. 

[0160] Additional remarks 

[0161] 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-G1-3.1-0.0-(2-0-alkyl)-rac-G2-3.1-rac-G3. The 
representatives of these neW structures Were made by open 
ing the epoXide VI (X=heXadecyl) With CH3OH or undece 
nyl alcohol and splitting off the isopropylidene protective 
group. 

[0162] 1-O-methyl-rac-G1-3.1-O.O-(2.O-heXadecyl)-rac 
G2-3.1-rac-G3: 

C26H54O7 (478.71) 

[0163] 1-O-Undecenyl-rac-G1-3.1-O.O-(2-O-heXadecyl) 
rac-G2-3.1-O.O-rac-G3: 

C36H72O7 (616.958) 

[0164] G4 parent system (racemic) 
[0165] G4 parent systems can be prepared from the key 
intermediate With the formula IX. 

X = H, saturated alkyl, benzyl or THP 
1) Opening With allyl alcohol 
2) X = H: epoxidation 
X = Be: benzylation of 

2—OH, followed by 
epoxidation 

X = THP: Introduction of 

THP in 2—OH, 
followed by 
epoxidation 

[0166] Model F: Starting products for the preparation of 
G4 parent systems. 
[0167] Tetraglycerols can be made from the key interme 
diate With the formula IX. They can also be used to prepare 
pentaglycerols. 
[0168] Oligoglycerols With tWo or more alkyl residues can 
be made from the intermediates, too. Suitable starting com 
pounds here are molecules With the formula IX, in Which X 
is a saturated alkyl residue. 
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[0169] Alkyl-G4 compounds 
[0170] 1) 1-O-alkyl-rac-G1-1.3-0.0-rac-G2-1.3-0.0-rac 
G3-1.3-0.0-rac-G4 
[0171] The epoXide of formula IX, X=H, is opened 
directly With alcohols. After the isopropylidene protective 
group has been split off, the folloWing substances are 
obtained: 

[0172] This path is only suitable for shorter-chain alco 
hols, since the yields are much loWer With long-chain 
alcohols. 

[0173] For long-chain, saturated alcohols it is therefore 
necessary, as With G2 and G3, to select a synthetic pathWay 
via the key intermediate With X=benZyl. One opens With 
allyl 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: 

[0174] 2. 2-O-alkyl-rac-G1-1.3.-0.0-rac-G2-1.3-0.0-rac 
G3-1.2-0.0-rac-G4 
[0175] The key intermediate With the formula IX is 
opened With allyl alcohol, and the thus-exposed 2 position 
alkylated. After removal of the protective groups one 
obtains: 

[0176] Intermediates for the synthesis of phospholipids 
Which have tetraglycerols in the polar area. 

[0177] As With the synthesis of G2 and G3 compounds, 
benZyl and tetrahydropyran ether are suitable protective 
groups for these syntheses. 

[0178] 1) 2-O-benZyl-rac-G1-1.3-0.0-(2-0-benZyl)-rac-G2 
1.3-0.0-(2-0-benZyl)-rac-G3-0.0-(1.2-isopropylidene)-rac 

4. 

C36H48O9 (624.77) 
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[0179] The important intermediate for the synthesis of 
phospholipids With G4 residues in the polar area is made 
from formula IX, X=benZyl by opening the epoXide With 
allyl alcohol, benZylating the thus exposed 2—OH group 
and removing allyl. The compound is referred to as formula 
X in the teXt. 

[0180] 2. 2-0-THP-rac-G1-1.3-0.0-(2-0-THP)-rac-G2-1.3 
0.0-(2-0-THP)-rac- G3- 1.3-0.0-(1.2-isopropylidene)-rac-G4: 

c3un4so (607.75) 

[0181] 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 
preparation of the G3 compound. One opens the epoXide VII, 
X=THP With benZyl alcohol, protects the thus eXposed 
2—OH group With THP, and removes benZyl With H2 (Pd/C 
catalysis.). The compound is referred to in the teXt as 
formula 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) 

[0182] In the preparation of compounds suitable for incor 
poration in the polar area of phospholipids (formula III and 
V for G2, formula VII and VIII for G3, formula X and XI for 
G4), no attention Was paid so far to the fact that in natural 
phosphatidylglycerol, ie, in 1.2-diacyl-sn-glycero-3-phos 
pho-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 con?guration possible, synthetic 
pathWays Were developed Which also permit an sn-1 con 
?guration of the polar oligoglycerol (model G). 

[0183] sn-1-G1-G2linkage 
[0184] The stereospeci?c linkage can be obtained using 
methods analogous to those described 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). 

[0185] The starting product for this linkage is 2-0-benZyl 
3-0-allyl-sn-glycerol, Which, folloWing epoXidation, is 
hydrolysed to the diol. FolloWing reaction With H+/2.2 
dimethoXypropane, 2-0-Be-sn-G -3.1-0.0-(1.2-isopropy 
lidene)-rac-G2 is obtained, a molecu e With the formula XII, 
Which permits an sn-1 linkage to the phosphate group in 
phospholipids and corresponds to the racemate of formula 
III. 

[0186] 
[0187] 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 G2 is benZylated, and the THP 
protective group removed. One obtains a molecule With the 
formula XIII, Which permits an sn-1 linkage to the phos 
phate group in phospholipids. The molecule XIII corre 
sponds to the racemate of formula VII. 

sn-l-Gl-G3 linkage 
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[0188] 
[0189] The starting product is again 2-0-benZyl-3-0-allyl 
sn-glycerol, in order to ensure the sn-1 linkage. Incorpora 
tion of the THP protective group is folloWed by epoXidation, 
and the epoXide then opened With allyl alcohol. FolloWing 
epoXidation of the intermediate, the epoXide is opened With 
isopropylidene glycerol, the tWo eXposed —OH groups 
benZylated, and THP removed. One obtains XIV, Which 
permits an sn-1 linkage to the phosphate and corresponds to 
the racemate of formula X. 

[0190] If desired, compounds With an sn-3-G1-G2, sn-3 
G1-G2-G3 or sn-3-G1-G2-G3-G4 linkage With the phosphate 
can be made analogously. In this case, the same sequence of 
reactions 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. 

sn-1-G1-G2-G3-G4 linkage 

sn-1 CH2— OH 

2 CH—OBe 

3 CH2— O— (IIHZ 
CH—O CH3 

\ / 
C 

CH2_O CH3 

XII 

sn-1 CH2— OH 

2 CH—OBe 

3 CH2—O—CH2 

CH— OBe 

CH2—O CH3 
XIV 
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[0191] Model G: 

[0192] Phospholipid constituents Which permit an sn-1-GX 
linkage (x=2-4). Starting product is 2-O-benZyl-3-O-allyl 
sn-glycerol. 

EXAMPLE 4f 

[0193] Intermediates Which contain sugar alcohols (gen 
eral examples) 

[0194] 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 chie?y employed 
here are isopropylidene, trityl in combination With benZyl, or 
allyl. Tetrahydropyranyl is also of some importance as 
protective group. Some alternatives Will noW be described 
Which serve as examples. 

[0195] 1.2;4.5-diisopropylidene-xylitol (general example 
for introduction of the isopropylidene protective group) 

[0196] Xylitol (1.0 mol -152 g) is slurried With 500 ml 
2-propanol, and mixed With dimethoxypropane (3.0 mol 
-312 g). FolloWing addition of 6 g HZSO4 in 100 ml 
2-propanol, the mixture is heated to 50° C. After 30 minutes 
everything has dissolved. Suf?cient concentrated 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. 

[0197] Empirical formula: CMHJLQO5 (MW 231.27) 
[0198] calculated: C, 57.13; H, 8.28; 0, 34.59 
[0199] measured: C, 57.01; H, 8,27; 0, — 

[0200] Structural formulae of some sugar alcohols: 

C4H1UO4 

meso-Erythritol D-Threitol L-Threitol 

(‘HZOH CHZOH CHZOH 

H——OH HO——H H——OH 

H—— OH H OH HO H 

CHZOH CHZOH CHZOH 

C5H12O5 

Adonite (Ribitol) D(+)—Arabitol L(—)—Arabitol Xylitol 

CHZOH CHZOH CHZOH CHZOH 

H—— OH HO H {I OH {I OH 

H—— OH H OH HO H HO H 

H—— OH H OH HO H {I OH 

CHZOH CHZOH CHZOH CHZOH 
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-continued 

C6H14O6 

Dulcite (Galactit) D-Mannitol D-Sorbitol 

CHZOH CHZOH CHZOH 

H——OH HO——H H——OH 

HO——H HO——H HO——H 

HO——H H——OH H——OH 

H——OH H——OH H——OH 

CHZOH CHZOH CHZOH 

[0201] 1.2;3.4-diisoproiylidene-5-benZyl-D-mannitol 
(general example for the use of trityl protective groups 
combined With benZyl protective groups) 

[0202] Starting With 1.2;3.4;5.6-triisopropylidene-D-man 
nitol (MW 302.36), Which is prepared analogously to the 
xylitol derivative, one obtains—by means of carefully split 
ting off the protective group—a 1.2.3.4-diisopropylidene-D 
mannitol yield of about 30%. Trisopropylidene-D-mannitol 
(1.0 mol -302 g) is dissolved in 600 ml CH3OH, to Which 15 
(5 g) Amberdyst® and 70 g H2O are then added. The 
reaction mixture is heated to 50° C., the solution stirred at 
this temperature for 40 minutes (educt, Rf 0.9; 1.2;3.4 
derivative, Rf 0.7; 3.4-derivative, Rf 0.1 in CHCl3/CH3OH 
1:1), cooled to 20° C. and ?ltered 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 ?ltrate is rotated in an evaporator and 
puri?ed chromatographically on silica gel 60 (Merck, Darm 
stadt). One obtains 84 g (~32%) of 1.2:3,4-diisopropylidene 
D-mannitol, Which is retrieved in crystalline form from 
hexane. 

[0203] Empirical formula: C12H22O6 (MW 262.30) 

[0204] calculated: C, 54.95; H, 8.45; O, 36.60 

[0205] measured: C, 54.89; H, 8.34; 0. — 

[0206] Reaction of 1.2:3.4-diisopropylidene-D-mannitol 
With trityl chloride and benZyl chloride (general example for 
tritylation and subsequent alkylation) 

[0207] 1.2:3.4-diisopropylidene-D-mannitol (0.2 mol -52 
g) is dissolved in 300 ml toluene, mixed With triethylamine 
(0.30 mol -30 g) and re?ux-boiled. Trityl chloride (MW 
278.78; mol -64 g) in 200 ml toluene is added dropWise, and 
the mixture re?ux-boiled for another 60 minutes (educt, Rf 
0.7; product, Rf 0.90 in CHCl3/CH3OH 10:1). The reaction 
is then complete. The mixture is cooled to 20° C., precipi 
tated triethylamine hydrochloride ?ltered off, and the ?ltrate 
rotated in an evaporator. The residue is taken up in 400 ml 
THF, mixed With benZyl chloride (0.3 mol -38 g) and 
re?ux-boiled. K-tert. butylate (0.25 mol -28 g)—dissolved 
in 200 ml THF—is added dropWise and the reaction mixture 
left to stand for 1 hour (educt, Rf 0.90; product, Rf 1.00 in 
CHCl3/CH3OH 10:1). FolloWing addition of 300 ml diiso 
propyl ether, the reaction mixture is extracted With 600 ml 
H2O, the upper phase taken off and the solvent removed 
under vacuum. The residue can be used directly. 
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[0208] Cleavage of the trityl protective group While retain 
ing the 3.4-isopropylidene protective group (general 
example) 
[0209] The oily residue from the preceding reaction (~0.2 
mol) is dissolved in 600 ml acetone/CH3OH 1:1, to Which 3 
ml HZSO4 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-isopropylidene protective groups (educt, Rf 0.95; 
product, Rf 0.15 in ether). The reaction mixture is adjusted 
to pH~8, ?ltered and rotated in an evaporator. The residue is 
puri?ed chromatographically on silica gel, and crystalliZed 
from hexane. 

[0210] 2-0-benyZl-3.4-isopropylidene-D-mannitol 

[0211] Empirical formula: C16H24O6 (MW 312.36) 

[0212] calculated: C, 61.52; H, 7.74; 0, 30.73 

[0213] Measured: C, 61.44; H, 7.72; 0, — 

[0214] As described for example 4c, the isopropylidene 
protective group can be reintroduced in the 5.6 position. A 
key intermediate for the synthesis of phosphatidyl-D-man 
nitol compounds is obtained, namely 2-0-benZyl-3.4;5.6 
diisopropylidene-D-mannitol. 

[0215] Empirical formula: C19H28O6 (MW 352.42) 

[0216] 

[0217] 

calculated: C, 64.75; H, 8.01; 0, 27.24 

measured: C, 64,68; H, 7.94; 0, — 

[0218] Sugar alcohol constituents Which are obtained by 
splitting periodate off a vicinal diol and reducing the result 
ing aldehyde With sodium borohydride (general example) 

[0219] 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 CH3OH and added to 
a solution of 0.2 mol sodium metaperiodate in 500 ml Water. 
The temperature should 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 ?ltered off, and the aldehyde 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 ml of chloroform. The chloroform phase is rotated in an 
evaporator and the product crystalliZed from hexane. 

[0220] Empirical formula: CMHJLQO5 (MW 231.27) 

[0221] 

[0222] 

calculated: C, 57.13; H, 8.28; 0, 34.59 

measured: C, 57.07; H, 8.21, O, — 
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[0223] By employing the various alternatives—monoiso 
propylidene cleavage, periodate cleavage from vicinal diols 
to produce aldehydes Which are then reduced With sodium 
borohydride, and the variation trityl/alkyl—sugar alcohols 
are obtained that are protected in very different Ways. These 
can be converted by Way of acylation or phosphorylation 
into interesting alkyl, acyl or phosphatidyl compounds. 

[0224] Preparation of simple ester and ether derivatives 
from the oligoglycerols and sugar alcohols portrayed (gen 
eral description) 

[0225] Methods of esteri?cation and etheri?cation, fol 
loWed by cleavage of the protective groups, have been 
described in various publications. The articles listed beloW 
include different methods of phosphorylation. These meth 
ods can be employed here analogously. 

[0226] Eibl, H. Synthesis of glycerophospholipids Chem. 
Phys. Lipids 26 (1980) 405-429 

[0227] Eibl, H. Phospholipid Synthesis In: Liposomes: 
From Physical Structure to Therapeutic Applications (C. G. 
Knight, editor) Elsevier, Amsterdam (1981) 19-50 

[0228] Eibl, H. and Kovatchev, S. Preparation of phos 
pholipids and of their analogues by phospholipase D. In: 
Methods of EnZymology. Vol. 72. Ed. J. M. LoWenstein, 
Academic Press, NeW York (1981) 632-639 

[0229] Eibl, H.: Phospholipids als funktionelle Bausteine 
biologischer Membranen AngeW. Chemie 96 (1984) 247 
262 

[0230] Eibl, H.: Phospholipids as functional constituents 
of biomembranes AngeW. Chem. Int. Ed. Engl. 23 (1984) 
257-271 

[0231] Eibl, H. Phospholipid synthesis: OxaZaphos 
pholanes and dioxaphospholanes as intermediates. Proc. 
Natl. Acad. Sci. USA 75 (1978) 4074-4077 

[0232] Eibl, H. and Wooley, P.: Synthesis of enantiomeri 
cally pure glyceryl esters and ethers. I. Methods employing 
the precursor 1,2-isopropylidene-sn-glycerol. Chem. Phys. 
Lipids 41 (1986) 53-63 

[0233] Eibl. H. and Wooley, P.: Synthesis of enantiomeri 
cally pure glyceryl esters and ethers. II. Methods employing 
the precursor 3,4-isopropylidene-D-mannitol. Chem. Phys. 
Kipids 47 (1988) 47-53 

[0234] EibI. H. and Wooley, P.: A general synthetic 
method for enantiomerically pure ester and ether lysophos 
pholipids. Chem. Phys. Lipids 47 (1988) 63-68 

[0235] Wooley, P. and Eibl, H.: Synthesis of enantiomeri 
cally pure phospholipids including phosphatidylserine and 
phosphatidylglycerol. Chem. Phys. Lipids 47 (1988) 55-62 

EXAMPLE 4g 

[0236] Intermediates for the synthesis of phospholigids 
Which contain sugar alcohols in the polar area 

[0237] As already described, the introduction via oli 
goglycerols of substances in the polar area of phospholipids 
has a pronounced effect on the blood circulation if these 
substances are used as liposome components. The same 
result can be obtained if, instead of the oligoglycerols, use 
is made of sugar alcohols, eg, phosphoric acid esters of 
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D-rnannitol, D-lyXitol and D-threitol. These compounds can 
be introduced With suitable protective groups (see model H) 
into phospholipids in the manner described for oligoglycer 
ols. With the derivatives described, coupling With phospho 
lipids again leads to an sn-1 linkage betWeen the phosphoric 
acid and the sugar alcohol. 

[0238] D-rnannitol derivative 

[0239] 3.4-0.0-dibenzyl-D-rnannitol is prepared from 
1.2.6.Sdiisopropylidene—D-rnannitol 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 phospholipids. 

[0240] D-lyXitol derivative 

[0241] 1.2-isopropylidene-3.4-0.0-dibenyzl-D-rnannitol 
(see above) is cleaved With periodic acid and reduced With 
NaBH4 to the alcohol XVI. This compound can be incor 
porated into the polar area of phospholipids. 

[0242] D-rnannitol derivative (6 hydroXyl groups) 

[0243] D-lyXitol derivative (5 hydroXyl groups; from 
D-rnannitol) 

[0244] D-threitol derivative (4 hydroXyl groups; from 
D-rnannitol) 

XVII 

CH2—OBe 

CH—OBe 

CH—OBe 
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[0245] Model H: Polyhydric alcohols With at least 4 
hydroXyl groups for incorporation into the polar area of 
phospholirids 

[0246] D-threitol derivative 

[0247] The compound XVI is converted by Way of ben 
Zylation into 1.2-isopropylidene-34.5-0.0.0-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 usual Way. 

[0248] Phospholipids Which contain oligoglycerols in the 
polar area 

[0249] In earlier publications We have described hoW 
phospholipids can be easily prepared from diacyl glycerols 
With saturated and unsaturated fatty acid chains, With tWo 
identical or tWo different fatty acid chains (DE 32 39 817 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, phospholipids Which contain dialkyl 
glycerols are rnetabolically eXtrernely stable and resorption 
is negligible. 

[0250] Basically, the compounds referred to can be pre 
pared according to tWo different methods. This derives from 
the fact that a phosphoric acid diester is to be prepared from 
tWo alcohols, R1—OH and R2—OH. 

[0251] The R1 —OH alcohols are alcohols Which contain 
a glycerol backbone With tWo fatty acid chains and a free 
hydroXyl group. They can also have just one fatty acid chain 
and an additional protective group, usually benZyl, for the 
preparation of rnonoacrylic phospholipids; R1—OH can, 
hoWever, also stand for an alcohol With a simple alkyl group 
With one or tWo cis double bonds. 

[0252] The R2—OH alcohols are alcohols Which have so 
far been designated as G2, G3 and G4 in the teXt. They are 
described by the structural forrnulae III and V (for G2), VII 
and VIII (for G3) and X to XIV (for G4). In like manner, use 
can also be made of the sugar alcohol derivatives XV to 
XVII. 

[0253] Model G describes hoW tWo alcohols R1—OH and 
R2—OH can be utiliZed to prepare good yields of phospho 
ric acid diesters. 

] POCL3 ] 

1) R2—OH 
2) Hydrolysis 

1) R1—OH 
2) Hydrolysis 

[0254] Where, for example, R1=1.2-dipalrnitoyl-sn-G and 
R2=forrnula XI, the folloWing structure is obtained after 
removal of the protective groups: 
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OH O 

OH O 

OH OH 

[0255] Model G: Phosphoric acid diester With the formula 
R1o_Po-3 -R2;Na+ 

[0256] Phosphorus oxychloride is used as phosphorylation 
agent. From the tWo alcohols RlOH and RZOH to be linked 
via phosphate, one ?rst of all prepares the corresponding 
phosphoric acid dichloride; this is reacted in each case With 
the other alcohol to 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 XVIII, 1.2-dipalmitoyl-sn-glycero-3-phospho 
G1-G2-G3-G4; Na". 

[0257] 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 
natural origin. If necessary in order to obtain particular 
properties, the phosphatidyl-oligoglycerols can contain 
additional alkyl chains or fatty acid residues in the oli 
goglycerol part. 

[0258] The oligoglycerol-biased methods described here 
can thus be used and modi?ed in manifold Ways in order to 
vary and in?uence the properties of liposomes. By analogy 
With the hexadecylphosphocholines and the erucylphospho 
cholines, hoWever, these substances may also be important 
biologically active molecules Which in?uence signal trans 
duction and thus functicnal pathWays in the cells. 

[0259] Examples of phospho-Gl-G2 compounds 

1. 1.2-dipalmitoyl-sn-glycero-3—phospho—G1—G2; 

15 
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-continued 

10. 1—stearoyl-2-myristoyl-sn-glycero-3-phospho—G1—G2; 

[0260] Examples of phospho-Gl-Gz-G3 compounds 

[0261] Examples of phospho-G1-G2-G3-G4 compounds 
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-continued -continued 

_ _ _ _ _ _ 3. 1—stearoyl-2-lauroyl-sn-glycero-3-phospho-D-threitol; 

7' Eiucyl phospho G1 G2 G3 G4’ Na’“ salt: C37H72NaO11P (746.91) 
Na Salt: C34H68NaO12P (722-87) 4. 1—stearoyl—2—myristoyl—sn-glycero-3-phospho-D-threitol; 

Na’“ salt: C39H76NaO11P (774.97) 

[0262] Examples of Phospho-sn-G1 compounds 
EXAMPLE 4h 

[0264] Phosphorylation steps (general directions) based, 
“14-61-621 by Way of example, on the isolation of 1.2-dipalmitoyl-sn 

+ 

1. 1.2-dipalmitoyl-sn-glycero-3-phospho-sn-1—G1—G2; glycero_3_phospho_glyceroglycerol’ Na Salt 
Na’“ salt: C41H80NaO12P (819.04) 

2_ 1_z_distearoyl_sn_glycero_3_phOSphO_Sn_1_G1_G2; [0265] POCl3 (0.1 mol -15 .3 g) in 15 ml THF is introduced 
Na+ Salt; C45H88NaO12P (87514) into a three-necked ?ask. While vigorously stirring the 

3- 1'8tearoyl-l-lauroyl-sn-81YCerO-3-PhOSPhO-Sn-1431-62; contents of the ice-cooled ?ask, one adds—dropWise—1.2 
Na Salt: C39H76NaO12P (790-98) dipalmitoyl-sn-glycerol (0.1 mol -57 g) in 100 ml THF and, 

4. 1—stearoyl-2-oleoyl-sn-glycero-3—phospho—sn—1—G1—G2; . . . 

Na+ Salt. C45H86NaO12P (87313) separately,'tr1ethylam1ne'(0.11 mol -11 g) in such manner 
sn—1—G1—G2—G3: that there is alWays a slight excess of triethylamine com 

_ _ pared to 1.2-dipalmitoyl-sn-glycerol, Which takes up the 
1' DIPahmtoyl'sn'glycero'3'phospho'sn'1'G1'G2'G3; HCl as it forms. The temperature of the reaction mixture 
Na’“ salt: C44H86NaO14P (893.12) h 1d t d 160 C O 1 t. fth dd.t. th 

2. 1.2-distearoyl-sn-glycero-3—phospho—sn—1—G1—G2—G3; S Ou_ no _eXCee _ ' n Comp 6 Ion 0 e a 1_1On> 6 
Na* Salt; (:48H94N'C101 4P (94922) reaction mixture is left to stand for a further 30 minutes at 

Sn-1-G1-G2-G3-G4I 16° C. and then subjected to a TLC check to make sure that 
the reaction is complete (1.2-dipalmitoyl-sn-glycerol, Rf 0.8; 

1.1.2-d' 1 't 1- -1 -3- h h - -1-G-G-G-G- . . . . . . . 
lpa m1 0y Sn gycero p Osp 0 Sn 1 2 3 4’ 1.2-d1palmitoyl-sn-glycero-3-phosphor1c acid dichloride 1s 

Na’“ salt: C47H92NaO16P (967.20) _ _ 
2. 1.2-distearoyl-sn-glycero-3—phospho—sn—1—G1-G2-G3-G4; converted by Way of methanolysis to the corresponding 
Na+ Salt: C51H1UUNaO16P (1023-30) phosphoric acid dimethyl ester, Rf 0.4 in ether.) 

[0266] The second phosphorylation step is carried out With 
a protected oligoglycerol. Here, the conversion With 2-O 
benZyl-rac-G1-1.3-0.0-1.2-isopropylidene-rac-G2 is 
described. To the reaction mixture With 1.2-dipalmitoyl-sn 
glycero-3-phosphoric acid dichloride one adds—drop 

Phospho-D-mannitol compounds Wise—the above alcohol (0.105 mol -31 g) and triethy 
lamine (0.13-13 g) in 100 ml THF in such manner that the 
temperature of the reaction mixture does not exceed 40° C. 

[0263] Examples of linkages With sugar alcohols 

1. 1.2-dipalmitoyl-sn-glycero—3—phospho-D—mannitol; 
Na’“ salt: C H NaO P 835.03 _ _ _ 

2_ 1_2_diStearOy1_snéiyciios_;f1OSphO_D_man§1itO1; ) After 3 hours at 40° the reaction is complete (starting 
Na” salt: C45H88NaO13P (891.13) product phosphoric acid dimethyl ester, Rf 0.4; product 

3-I‘?'falfflltoyl-2411303gSI;ggc?go-3-phospho'%énggmtol; methyl ester, Rf 0.7 in ether). One removes the triethylamine 
4 1a Sat‘ 37 72 a 13 ( ' _ hydrochloride precipitate by ?ltration and hydrolyses the 

. —stearoyl—2—lauroyl—sn-glycero-3—phospho—D-manmtol, _ _ _ _ _ 

Na+ Salt; C39H76NaO13P (80697) reaction mixture, ma1nly 1.2-d1palm1toyl-sn-glycero3-phos 
5. 1—stearoyl-2-myristoyl-sn-glycero-3—phospho-D—mannitol; pho-2-O-benZyl-rac-glycero-1.3-0.0-1.2-1sopropyl1dene 
Na+ Salt: C41H80NaO13P _ (835-03) rac-glycerol-monochloride together With incompletely 

6' 1'Stearoyl'sn'glycero'3'phOSphO'D'manmtOl; reacted 1 2-di almito l-sn- l cero-3- hos horic acid 
Na’“ salt: C27H54NaO12P (624.67) _ _ ' _ p y g y, p . p 

7_ OCtadeCy1_phOSphO_D_mannitol; dichloride, With 26 g NaZCO3 dissolved in 260 ml H2O. 
Na” salt: C24H5UNaO9P (536.61) After 4 hours, 400 ml dnsopropyl ether are added and the 

8. 1—O—octadecyl-2-O-methyl-sn-glycero-3—phospho-D—mannitol; upper phase, Which Contains the product, rotated in an 
Na’“ salt: C28H58NaO11P (624.71) evaporator until crystals begin to form. 500 ml acetone are 

Phos ho-D-l xitol corn ounds _ 
% noW added, and the crystals formed removed under suction 

1. 1.2-dipalmitoyl-sn-glycero—3—phospho-D—lyxitol; at 20° C. The ?ltrate contains the protected phosphatidylg 
Na+ 8?“: cwHvsNaolzp 4895-00) lyceroglycerol, Na+ salt (Rf 0.6 in CHCl3/CH3OH/glacial 

2.Iii-i?tearo?-srgglygergjgphlosphO—D-1YX1t€é%1 1O) acetic acid/H2O 60016012015). After removal Of the SOlVfJIlt, 
' 44 86 12 ' ~ ~ ~ ~ 

3_ 1_pa1mitOy1_2_1aurOy1_Sn_glycero_3_phOSphO_D_1yXitO1; one 'obtains 48 g crude product, Which 'is heated in 149 ml 
Na” salt: C36H7UNaO12P (758.89) acetic acid and 60 ml H2O for 30 minutes to 60-70 C. 

4- 1'ftear?Y1'24auroyl-Sn-81YCerO-3-Phospho'D'lyXitol; (cleavage of the isopropylidene protective group). One then 
5 Nla Salt 93894180121’ (776-94? _ adds 500 ml CHCl3, 600 ml CH3OH and 400 ml H20 and 

. —stearoyl-2-myr1stoyl-sn-glycero-3—phospho-D—lyx1tol, h k h hl h 1 1 h _ h d _ 
Na+Sa1t; C4OH78NaO12P (80500) s a est oroug y. T e oWer CHC 3p ase is was e aga1n 

Phospho-D-threitol compounds with 600 ml CH3OH and 500 H11 H20, with addition Of 
suf?cient Na2CO3 to obtain a pH of 6 in the aqueous phase. 

1' 1'Z'dlpalmltoyl'sn'glycero'3'phOSphO'D'threltOl; The loWer chloroform phase is rotated in an evaporator and 
Na’“ salt: C H NaO P 774.97 _ _ 

2_ 1_2_diStearOy1_sn_g[ycgoséiosphwuthreiiol; ) the residue taken up in 400 ml THF. To remove the b'enZyl 
Na” salt: C43H84NaO11P (831.07) protective group, the solution has 6 g Pd/C added to it and 

is debenZylated in a H2 atmosphere. The reaction is complete 










