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Purity of the various compounds was routinely checked by TLC using silica
gel G-60 plates. For phosphatidylcholines, TLC plates were developed in
chloroform/methanol/water (65 : 25 : 4, v/v), and the spots were identified
after staining the plate with iodine vapor followed by molybdenum blue spray
[18], while in case of hydrazides and urethanes, diethyl ether/methylene
chloride (1 : 9, v/v) and methylene chloride alone were used as the TLC solvent
systems, respectively. Purification of phospholipids was carried out on Sepha-
dex LH-20 column (2.5 X 100 cm) using chloroform/methanol (1 : 1, v/v), as
the eluant. Total phosphorus was determined by the method of Ames and
Dubin [19].

All the compounds were characterised by infrared and NMR spectroscopy.
The infrared spectra were recorded in a Perkin-Elmer 177 Grating infrared
spectrophotometer and NMR spectra were recorded in a Perkin-Elmer R-32
NMR spectrophotometer. Resonances (8) in the NMR spectra is given in ppm
downfield from tetramethylsilane. The assay of radioactive isotopes was carried
out in a Packard Tri-Carb 3330 liquid scintillation spectrometer with
2,5-diphenyloxazole (4.0 g), 1,4-bis[2-( 4-methyl-5-phenyloxazolyl) ]benzene
(0.2 g), naphthalene (60.0 g), ethylene glycol (20 ml) and methanol (0.1 ml)
in 1 ,4-dioxane (total volume = 1.0 1)as the scintillator.
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Fig. 1. ]",S-Dimethyl-4-aminopyridine-catalyzed reactions of alkyl or alkenylisoq'anates with sn-glycero-
3-phosphorylcholine (1) and I-palmitoyl-sn-glycero-3-phosphorylcholine (VI).
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Synthesis of carbamyl analogs of pltosphatidylcholines (II-V and VIII-XII,
Fig. 1)

(a) Preparation of alkylisoc)'anates. A solution of methyl palmitate (27.0 g;
0.1 mol) in methanol (270 ml) was treated with hydrazine hydrate (13.5 ml;
99-100%) under reflux for 8 h. Upon cooling to room temperature (""30°C),
the solid was separated out from the reaction mixture. It was filtered, washed
with H20 and dried in vacuo. Crystallization from ethanol yielded palmitoyl-
hydrazine as shiny colorless needles. Yield 65%, m.p. 111--113°C.

Analysis: Calcd. for CJ6H34N20,10.37; Found: N, 10.46%.
Palmitoylhydrazine (4.48 g; 0.016 mol) was suspended in a mixture of 6 M

HCl (56 ml), glacial acetic acid (70 ml) and diethyl ether (400 ml). It was
cooled with stirring to -15°C. To this was added, under vigorous stirring, an
aqueous solution of NaN02 (11.4 g in 114 ml H20) during 20-25 min. After
complete addition, stirring was continued at the same temperature for another
5 min. The diethyl ether layer was separated and the aqueous phase was washed
twice with diethyl ether. Combine diethyl ether extracts were treated with the
saturated solution of NaHC03 in the cold until the pH of aqueous phase was
7-8. It was washed with cold H20 and dried over anhydrous Na2S04. Diethyl
ether was removed at temperature below 10°C and the residue was dried in
vacuo for 1-2 h. Complete conversion of palmitoylhydrazine to palmitoyla-
zide was ascertained by infrared spectroscopy. Without any further purifica-
tion, this azide was rearranged to palmitoylisocyanate by refluxing its solution
in benzene for 3-4 h. Progress of the reaction was monitored by infrared spec-
troscopy. The isocyanate was characterized as its urethane derivative which was
prepared by its treatment with absolute ethanol under reflux for 3 h. The ure-
thane was isolated as a colorless crystalline solid in 70% yield after chromatog-
raphy of the crude reaction mixture over silica gel column using hexane/ether
(9 : 1) as eluant, m.p. 49-53°C, Vmax(KBr) 3300 (N-H) and 1680 cm-t (C=O).

Analysis. Calcd. for CJsH37N02:C, 72,17; H, 12.45; N, 4.67.
Found: C, 71.82; H, 12.80; N, 4.65%.

(b) 1,2-Dipentadecanylcarbamyloxy-sn-glycero-3-phosphorylcholine (III). sn-
Glycero-3-phosphorylcholine as the CdCh complex (I; 0.5 mmol) was dried in
vacuo for 5-6 h at 40°C. This was suspended in freshly distilled anhydrous
chloroform (10 ml). To this were added palmitoylisocyanate (3.0 mmol) and
dimethylaminopyridine (0.5 mmol) and the reaction flask was tightly stop-
pered after flushing with N2. The mixture was stirred with magnetic stirrer at
room temperature (approx. 30°C) under protection from light for 70 h. The
solvent was removed under reduced pressure and the residue was taken up in
25 ml of a mixture of chloroform/methanol/H20 (4 : 5 : 1, v/v). Insoluble
materials were removed by filtration. The filtrate was shaken with pyridinium
Dowex-50 ion-exchange resin (15 ml) for 3 h. The resin was removed by filtra-
tion. The solvents were removed from the filtrate and the residue was dried in
vacuo at room temperature for 3-4 h. The solid so obtained was triturated in
petroleum ether (40-60° C) followed by dry acetone. The residual solid was
chromatographed over Sephadex LH-20 column. The column was monitored
by TLC. Pure fractions were pooled together and the solvents were removed.
Yield 55-70%. Vrnax1730 cm-J (C=O); 0 6.2 (broad hump, 1H), 5.8 (broad
hump, 1H), 5.0 (m, 1H), 4.7-3.5 (m, 8H), 3.5-2.8 (m, 13H; contains one
singlet at 0 3.3).
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Analysis: Calcd. for C4oHs2N30sP. H20: C, 61.41; H, 10.82; N, 5.37.
Found: C, 61.00; H, 10.36; N, 5.26%.

Compounds II, IV and V were similarly prepared.
(c) l-Pa/mitoy/-2-pentadecany/carbamy /oxy-sn-g/ycero-3-phosphory/choline

(IX). To an anhydrous suspension of VII (0.2 mmol) in dry chloroform (5.0
ml) were added palmitoylisocyanate (0.6 mmol) and dimethylaminopyridine
(0.1 mmol). The reaction flask was flushed with N 2and tightly stoppered. The
mixture was stirred at room temperature for 60--65 h. The required product
was isolated in 65-80% yields after following the procedure described as
above. Vmax1740 cm-1 (C=O); () 6.3 (broad hump, 1H), 5.0 (m, 1H), 4.6-3.5
(m, 8H), 3.5-2.8 (m, llH; containing one singlet at () 3.3).

Analysis: Calcd. for C4oHsIN20sP. H20: C, 62.61, H, 10.90; N, 3.65.
Found: C, 63.05; H, 10.66; N, 3.47%.

Compounds VIII, X and XI were similarly synthesized.
(d) l-Palmitoy/-2-heptadec-l O-cis-enylcarbamyloxy-sn-glycero-3-phosphoryl-

[N-methyl-14C]choline (XII). Reaction of 1-palmitoyl-sn-glycero-3-phosphoryl-
[N-methyl-14C]choline (XIII) with oleylisocyanate, under standard conditions,
yielded compound XII in reasonably high yields (over 70%). The lysolipid XIII
was prepared as follows. Compound VI was monodemethylated by its treat-
ment with 1,4-diazabicyclo(2,2,2)octane in refluxing N,N-dimethylformamide
[20]. The resulting dimethylaminolipid, after purification by chromatography
over Sephadex LH-20 column, was methylated at room temperature in almost
quantitative yield using iodo[14C]methane and diisopropylethylamine in anhy-
drous methanol. No detectable amounts of the corresponding lysolipid were
formed under these conditions. This 14C-labeled compound VI on treatment
with phospholipase A2 yielded compound XIII.

Attempts to prepare compound XII directly from compound XI following
the above monodemethylation/remethylation procedure were not successful
because extensive decomposition of compound XI occurred during its treat-
ment wuth 1,4-diazabicyclo(2,2,2)octane in refluxing N,N-dimethylformamide.
However, demethylation of compound III under the above conditions gave the
corresponding dimethylamino derivative (approx. 20%) along with other pro-
ducts. The desired product was isolated by preparative TLC.

Treatment with phospholipases
A stock solution of phospholipase A2 from Crotalus adamanteus or Naza naza

snake venom was prepared by dissolving 6.25 mg of the crude venom in 10 ml
0.02 M Tris-HCl buffer, pH 8.7, containing 320 mg CaCh . 2H20. The phospha-
tidylcholines (5.0 mg) were treated, under shaking, with 100 pI of the above
stock solution in 400 pI 0.02 M Tris-HCl buffer, pH 8.7 and 2% methanol in
1.0 ml diethyl ether at 30-33° C. Under these conditions, compound VI or egg
lecithin was completely degraded in 30-40 min with Naza naza snake venom,
while complete hydrolysis of these lipids with snake venom from Crotalus ada-
manteus took 1.5-2.0 h.

Stock solution of phospholipase C was prepared by adding 25 pI of the
enzyme solution (2 mg/ml in 3.2 M (NH4hS04, pH 6, Boehringer Mannheim)
to 2.0 ml of 0.1 M Tris-HCl buffer, pH 7.3, containing 5.98 mg CaCl2 . 2H20.
The phosphatidylcholines (5.0 mg) were digested with 150 pI of the above
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stock solution in 1.0 ml of 2% ethanol in diethyl ether. Egg lecithin was com-
pletely degraded in 1.0-1.5 h under these conditions.

Preparation of liposomes
A solution of phosphatidylcholine and cholesterol (33 mol%) in chloroform

was dried in a glass tube under a slow jet of N2, resulting in the formation of a
thin lipid film on the wall of the tube. Final traces of the solvent were removed
after leaving the tube in vacuo for 4-6 h. Tris-buffered saline (0.01 M in 0.9%
NaCI, pH 7.2) containing [14CJglucose (100.106 cpm/ml) was added to the
lipid mixture so as to give a concentration of about 20 J.Lmolof phospholipid/
ml of the buffer. The tube was flushed with N2 and then stoppered. It was
vortexed at 35-40°C for 10-15 min. The lipid dispersion so obtained was
carefully transferred to a cuvette and then sonicated under N2 usinga probe-
type sonicator (MSE 150 W, 20 KHz) to give an optically clear suspension. The
egg lecithin-<:holesterol dispersion became clear in 30-40 min, while prepara-
tion of optically clear suspension of carbamyl phosphatidylcholine-cholesterol
liposomes required longer sonication times (1.5-2 h). Degradation of phospho-
lipids during sonication was routinely checked by TLC. No appreciable
amounts of lysophospholipids were detected in the samples. The sonicated pre-
parations were centrifuged at 105000 Xg for 30 min at 10°C to effect the
removal of titanium particles as well as of poorly dispersed lipids. The superna-
tant was subjected to gel filtration on a Sephadex G-50 column (20 X 1.5 em).
Elution was performed with the same buffer and the vesicles were eluted in the
void volume. The amount of glucose trapped with in the vesicles was 1.3-1.8%
under the above conditions.

Leakage of [l4C]glucose from liposomes
Samples of liposomal suspension were left at 37°C for 24 h. Then the prepa-

rat~ons were again chromatographed on a Sephadex G-50 column, and the
radioactivity in liposomes and free glucose fractions was determined. In case of
compound IX-<:holesterolliposomes, samples were left at 37°C for 70 h.

Results and Discussion

Synthesis
Alkyl or alkenyl isocyanates, in the absence of N,N-dimethyl-4-aminopyri-

dine, did not react with compound I or VII under a variety of reaction condi-
tions. However, use of the above amine in the reaction resulted in the forma-
tion of carbamyl phosphatidylcholines in high yields. The reactions were quite
clean and desired products were isolated in pure form after Sephadex LH-20
column chromatography.

N,N-Dimethyl-4-aminopyridine has been shown to be a powerful catalyst in
many acylation reactions in organic synthesis [21-23J and has been used by us
earlier to catalyse reactions of fatty acid anhydrides with compounds I and VII
[17]. In the present case, this amine has been found to catalyse efficiently reac-
tions of isocyanates with primary and secondary alcohols, which is hitherto un-
known in literature [23].
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Interaction with phospho/ipases
The carbamyl phosphatidyl cholines were treated with phospholipase A2 and

C under conditions described in Materials and Methods. These phosphatidyl-
cholines were not at all degraded by phospholipase A2 from C. adamanteus and
N. naza snake venoms (48 h), while under the identical conditions, egg lecithin
and compound VI were completely hydrolysed in 0.5-2 h. Mixtures of carba-
myl phosphatidylcholine and egg lecithin were also treated with the enzyme. It
was found that the rate of degradation of egg lecithin was considerably reduced
(roughly 2-3-times) when equal amounts of compound III were mixed with it.
However, hydrolysis of carbamyl phosphatidylcholine and egg lecithin with
phospholipase C proceeded with no observed significantly different rates.

These observations reveal that replacement of C-2 ester function in phos-
phatidylcholines by carbamate ester rendered these compounds completely
inert toward phospholipase A2 action, while this change did not have any effect
on the action of phospholipase C. Thus, unlike other phospholipase-resistant
phospholipid analogs [24], carbamyl phosphatidylcholines constitute a novel
class of phospholipids which possess almost all the basic structural features of
natural phosphatidylcholines but are completely resistant to the action of phos-
pholipase A2.

Characterization of liposomes

Liposomes .~om carbamyl phosphatidylcholine, with or without cholesterol,

FrQct,Qr nu"'b~r

Fig. 2. Sephadex G-50 flow-through pattern of liposomes prepared from I-palmitoyl-2-pentadecanylcar-
bamyloxy-sn-glycero-3-phosphorylcholine and cholesterol (33 mol%) in presence of [14C)glucose. Elu-
tion rate of the column (20 X 1.5 cm) was 18 mllh and 0.6 ml fractions were collected. For 14C and total
phosphate determinations. 25 III and 40 III aliquots were withdrawn. respectively. ,-c. 14C. cpm;
8-. absorbancefor phosphate color at 820nm.
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TABLE I

PERCENT GLUCOSE RELEASE PER HOUR AT 37°C FROM UNILAMELLAR LIPOSOMES

Liposomes Glucose release
(%/h)

III 2.1

III, cholesterol · 2.4
IX 0.50
IX. cholesterol 0.22
XI. cholesterol 0.70
Egg lecithin"holesterol 0.92

·33 mol% cholesterol.

were prepared as described in Materials and Methods. These were characterized
by negative staining electron microscopy and also by their ability to entrap
[14C]glucose (Fig. 2). Unilamellar liposomes consisting of compound III range
in diameter from approx. 250 to 600 A,which is quite consistent with the size
of small unilamellar vesicles prepared by sonication of egg lecithin [25]. The
entrapment capacity of liposomes consisting of compound IX and cholesterol
(33 mol%) was approx. 1.0 pl/ pmol of the phospholipid (Fig. 2). The average
diameter of these liposomes, as calculated from glucose trapping experiments,
is 350-400 A.

These results clearly demonstrate that introduction of a nitrogen atom adja-
cent to the carbon atom of the ester. function(s) in phosphatidylcholines does
not alter their bilayer forming property.

Measurements of rate of leak of glucose from liposomes
Leakage rates of [14C]glucose from liposomes consisting of carbamyl phos-

phatidylcholine, with or without cholesterol, were determined as described in
Materials and Methods and the results are given in Table 1. As can be seen in
the table, liposomes consisting of compound III are much more leaky (2.1%/h)
as compared to the liposomes prepared from compound IX (0.50%/h). More-
over, inclusion of cholesterol into the bilayers of compound IX seems to reduce
the leakage to glucose, while it appears to have no effect on the leakage rate of
liposomes derived from compound III.

The greater permeability of liposomes consisting of compound III as com-
pared to that of the liposomes of compound IX may be due to the decreased
packing of the former phospholipid in the bilayer. Moreover, the finding that
cholesterol has no effect on the leakage rate of dicarbamyl phosphatidylcho-
line liposomes suggests that the presence of a nitrogen atom in the C-1 acyl
chair! may have adversely affected the interactions among the phospholipid
molecule and cholesterol [26].

Conclusion

Although a number of phospholipase-resisting phosphatidylcholine analogs
have earlier been synthesised, most of them carry significant structural altera-
tions as compared to their natural prototype [24] and, moreover, are not easily
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accessible' for study of their suitability for use in liposome drug delivery sys-
tems. The method of preparation described for the carbamyl phosphatidylcho-
line is extremely easy and the desired phospholipids can be isolated in pure
form in reasonably high yields, Furthermore, the structural changes introduced
in these lipids as compared to the natural lipids are minimal, especially when
only the ester group at C-2 is replaced by the carbamyloxy function. These
phospholipids may thus serve a useful purpose in clarifying the role of phos-
pholipase A and/or B in the capture and lysis of liposomes in vivo.

The tighter phospholipid packing in the liposomes consisting of compound
IX and cholesterol, as indicated by the reduced leakage, may give them stabil-
ity (in term of bilayer permeability to solutes) in the blood of injected animals,
because this may prevent the high density apolipoprotein from interacting with
the liposomal surface [7]. Further, the changes introduced in the C-2 ester
region, which forms a part of the liposome surface [27], may alter the binding
ability of the apolipoprotein to the liposome and may, therefore, affect the
transfer mechanism.

Finally, it was also envisaged that phospholipase-resisting property of these
lipids should lead to longer survival times of liposomes consisting of carbamyl
phosphatidylcholine and cholesterol in circulation as compared to that of egg
lecithin-cholesterolliposomes [10]. But results of preliminary studies on mice
show that the rate of disappearance of compound XII-cholesterol liposomes
from the circulation is similar to that of the egg lecithin-cholesterolliposomes
(Gupta, CM. and Bali, A., unpublished results). Studies on the stability of
these liposomes in vivo and also in vitro are currently in progress in this labora-
tory and the results will be published elsewhere.
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