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A complete synthesis of 1-O-hexadecyl-2-O-N-(heptadec-8-cis-enyl)carbamyl-sn-glycero-3-
phosphocholine, a novel analog of phosphatidylcholine, has been described. Each step is simple
to perform and gives the desired products in high yield. Also, some of the intermediates formed
during the synthesis have been efficiently utilized to prepare 1-0O-hexadecyl-2-O-oleyl-sn-
glycero-3-phosphocholine, 1-O-hexadecyl-2-oleoyl-sn-glycero-3-phosphocholine and 3-O-hexa-
decyl-2-oleoyl-sn-glycero-1-phosphocholine. These phosphatidvicholine (PC) analogs are useful
for studying the possible role of phospholipases in the capture and lysis of liposomes in vivo.
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Introduction

The successful application of liposomes as drug carriers in therapy [1.2] is
largely restricted by their major uptake in liver as well as their lysis in blood [3].
It has been reported that transfer of lipids from liposomes to the high-density
fraction of plasma lipoproteins (HDL) is the main factor that causes damage to
the structural integrity of the liposomes bilayer, resulting in an almost spontaneous
release of the entrapped solutes [4.5]. This enhanced leakage and the lipid transfer
are both significantly minimized by an appropriate tailoring of the phospholipid
component [6.7].

Our recent studies have shown that replacement of the C-2 ester group in PC by
the carbamyloxy function results in complete stability and longer half-lives of
its liposomes in the circulation of rats [7]. In addition. this change rendered the
resulting PCs (carbamyl PC) selectively resistant to phospholipase A, [8] and in-
duced more ordered phospholipid packing in the bilayers [9]. It is, however, not
vet clear whether the increased stability of carbamyl PC liposomes in blood (or
serum) is due to its phospholipase-resisting property [10] or because of tighter
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lipid packing in the liposomes bilayer [11]. To have a better understanding of this
problem, it was considered appropriate to prepare some more analogs of PC, having
modifications in the ester regions, for our further studies. The present communica-
tion describes the syntheses of such PC analogs.

Materials

All the chemicals and solvents used in the syntheses were of the highest purity
available. D-Mannitol was obtained from Indian Drugs and Pharmaceuticals Ltd..
Hyderabad, India. Sodium meta periodate, sodium borohydride. oleic acid and
Pd-black were from E. Merck. Dicyclohexylcarbodiimide (DCC) and V,N-dimethyl-
4.aminopyridine (DMAP) were purchased from Aldrich Chemical Company. Potas-
sium acetate and cetyl alcohol were obtained from Sarabhai M. Chemicals. Baroda,
India. Sephadex LH-20 (25-100 um beads) and Silica gel (60—120 mesh) were
from Pharmacia Fine Chemicals, Uppsala. Sweden and Sisco Research Laboratories,
Bombay, India, respectively. Crude snake venom from Naja naja (Haffkin Institute,
Bombay) was used as the source of phospholipase A,. Lithium bromide was from
Loba Chemicals. Bombay. p-Toluenesulfonyl chloride (Loba Chemicals) was used
after its crystallization from chloroform/n-hexane (m.p. 66-68°C). Cetyl bromide
was prepared from cetyl alcohol by the known method [12]. Oleyl bromide was
synthesized from oleic acid as described [13]. Trityl alcohol [14] was converted
into trityl chloride following the standard procedure [15]. 2-Chloro-2-0x0-1,3.2-
dioxaphospholane was prepared by reacting ethylene glycol with phosphorous
trichloride [16] followed by oxidation of the reaction product with oxygen [17].
Oleyl isocyanate was obtained from methyl oleate [8]. 1.2-lsopropylidene-sa-
glycerol was synthesized from D-mannitol as described [18].

Methods

Purity of the various reaction intermediates and final products was established
by thin-layer chromatography (TLC) on silica gel G-60 plates. For phospholipids.
TLC plates were developed in chloroform/methanol/water (65:25:4, by vol.).
The spots were visualized by iodine staining followed by molybdenum blue spray
[19]. Purification of phospholipids was carried out by silica gel column chromato-
graphy using chloroform/methanol (60:40, v/v) as the eluant. Further chromato-
graphy of the so purified phospholipid samples over Sephadex LH-20 column
(2.5 X100 c¢m) afforded pure phospholipid samples as judged by TLC. The column
was eluted with chloroform/methanol (1:1, v/v) at a flow rate of about 60 ml/h.
Two-millilitre fractions were collected. All the lipid samples exhibited single spots
on TLC plate and were characterized by IR and NMR spectroscopy. IR spectra
were determined in KBr on a Perkin-Elmer 157 Grating spectrometer. '"H-NMR
spectra were run in CDCl5 on a Perkin-Elmer EM-360 or R-32 spectrometer. Optical

 rotations were measured using Jasco DIP-180 automatic polarimeter. Total phos-
phorous was determined by the method of Ames and Dubin [20].
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Preparation of 1-O-hexadecyl-2-O-N-{ heptadec-8-cis-enyl)carbamyl-sn-glveero-3-
phosphocholine (1, Fig. 1)

The PC analog 1 was prepared from 1.2-isopropylidene-sn-glycerol (I) in several
steps. Reaction of 1 with hexadecyl bromide, essentially under the conditions as
described by Palameta and Kates [13]. afforded 1.2-isopropylidene-3-0-hexadecyl-
sn-glycerol (II). The latter without any further purification was treated with 50%
aqueous acetic acid [13] to give 3-O-hexadecyl-sn-glycerol (11I) in over all 70—

75% )ields It was crystallized from acteone {m.p. 65—66°C (lit. ["l] m.p. 65.5-
66.5°C): Ymax: 3300 (OH) and 1130 cm™ (C—0-C): [ar]:"2 = +10.0° (as isopropyl-
idene derivative: C, 54 mg/ml in hexane)}. Conversion of Il into 1-O-hexadecyl-
sn-glycerol (IV) was carried out according to Chalko and Hanahan [21] {m.p.
66—-67°C (lit [21] m.p. 65.5-66.5°C): [«]} = —10.7° (as isopropylidene deriva-
tive: C. 55 mg/ml in hexane)}. The 3-O-trityl derivative of IV was prepared by
slightly modifying the literature procedure [21]. Pyridine was replaced by a mix-

HO
>< | - ‘ [CLT 3]
I:o (cHg) 45 CH3 D-ICHy ) g8 CH3

o
H3C-(CHa)yy 0 HyC- (cu:‘p., -0
HI 9
HO H —l
CgMs
oM o- c CgHs
w X Cs”!
HC(CH 0 H3CrlCH ) g0
Etigs ity Db+ — 0 5 CgHg-CH,-C Bt H L2l
sHs CHy* sHs CHy e
~CeMs
0-C—CgHyg OH :
S CgHg
~r =
H3C-(CHy) -0 H3C(CHg) g0
(N3]
C gHg -C -o:|:u —— HD%N
6H5 CHy ? . C:; E L
Haly=N—CH: O-F-0-iCHla=N="CH
0= P -0-{CHa)y Pk ; 2N gl
o i 0-

Ha€ (CHy) (y-0
t
c £
e T L
-] -pP-0- (cuz)a-n—cm
1 6
Reagents : o, CigH;; Br/ KOH, b, 507, squesus CH3COzHy €y n;c—o— S07CL/ CyHgN; @, CH3CO K/
|cn,co;o; CHyCOH; ¢, C'K'OH[ NeOM 1,I(CgHg) - c-ct‘(uu- CaMyl 3 M-CyMgi 8, CgHg CHy CL/ KOH;
R, 0%, Sqwaous CH3COgHy i, [2’:5“/ €M)y Ny | CHyCN/ICH; )3 Ny &, My Pd-black,
Hyc
1 Cqr My N "W,,'cz 'Q"- :
Fig. 1. Synthesis of 1-O-hexadecyl-2-O-N-(heptadec-8-cis-enyl)-carbamyli-sn-glycero-3-phospho-
choline (1).
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ture of diisopropylethylamine and methylene chloride. This modification elimin-
ated the formation of a thick emulsion during the reaction work-up and con-
sequently simplified the procedure for isolation of the reaction product. without
affecting the yields. Briefly, a solution of IV (3.0 g. 9.5 mmol), tritylchloride
(3.5 g. 12.5 mmol) and diisopropylethylamine (3.5 ml) in anhydrous methylene
chloride (30 ml) was stirred at ambient temperature for 16—20 h. The progress of
the reaction was monitored by TLC (5% methanol in chloroform). After the
reaction was complete, the mixture was transferred to a separatory funnel and
diluted to 150 ml with methylene chloride. It was washed three times with 5%
aqueous hydrochloric acid (50 ml each time) followed by saturated saline (200 ml
each time) and dried over anhydrous sodium sulfate. The solvent was removed
and the residue chromatographed over silica gel using increasing volumes of diethyl
ether in n-hexane. The desired product, 1-O-hexadecyl-3-O-trityl-sn-glycerol (V).
was eluted in n-hexane containing 6% diethyl ether. Yield 85-90%. vmay: 1080
(C—-0-C) and 770 ecm™ (CgHq): 8: 7.5-7.0 (m. 15H. CHs). 3.9-3.65 (m. 1H,
O-CH): 3.5-3.25 (m, 4H. O-CH,): 3.12 (d, J = 5Hz. 2H. O-CH,).

A mixture of V (1.5 g, 2.7 mmol), benzyl chloride (freshly distilled. 0.8 ml.
6.95 mmol) and powdered potassium hydroxide (2.26 g. 40.5 mmol) in anhydrous
benzene (50 ml) was stirred at 100—120°C (bath temperature) for 10—14 h. The
reaction flask was equipped with a Dean-Stark head and reflux condenser for re-
moving water that was formed during the reaction. The progress of the reaction
was monitored by TLC using benzene/ethyl acetate (95:5, v/v) as the developing
solvent system. After completion of the reaction, the benzene layer was collected
in a conical flask by careful decantation, leaving behind a gummy material in
the reaction flask. It was extracted several times with diethyl ether (total volume
300 ml). These extracts after combining with the benzene extract were washed
three times with 5% aqueous hydrochloric acid (100 ml each time) followed by sat-
urated saline (150 ml each time). The organic phase was separated and then dried
over anhydrous sodium sulfate. Removal of the solvent in vacuo afforded 1-O-hexa-
decyl-2-0-benzyl-3-O-trityl-sn-glycerol (V1) in sufficiently pure form, and there-
fore was used in next step without any further purification. Yield: 1.5-1.6 g

(86-91%). 6: 7.5-6.9 (m, 20H, C¢Hs). 4.52 (s, 2H, O-CH,—CcHs), 3.6-3.0 (m,

7H, O—CH; and O—CH).

VI (1.56 g, 2.4 mmol) was treated with 90% aqueous acetic acid (25 ml) at
120—130°C for 1 h and the course of the reaction was followed by TLC (10%
diethyl ether in n-hexane). The reaction mixture, after cooling to room tempera-
ture, was diluted with 150 ml of water. The product was extracted with methylene
chloride (100 ml). The organic phase was washed at least five times with 5% sodium
bicarbonate (150 ml each time) and then three times with water (200 ml each
time). The solvent was removed and the residue chromatographed over silica gel
column using diethyl ether/n-hexane as eluant. 1-O-Hexadecyl-2-O-benzyl-sn-
glycerol (VII) was eluted in n-hexane containing 15% diethyl ether. Yield: 0.73—
0.78 g (75—80%). &: 7.15 (s, SH, C¢Hs). 4.5 (s, 2H. O—CH,—C.H;), 3.5-3.15 (m.
7H. O—CH, and O—-CH).
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The phosphocholine residue was introduced at the C-3 position of VII according

-

to the published method [22]. Briefly. a solution of 2-chloro-2-ox0-1.3,2-dioxa-
phospholane (142.5 mg, 1 mmol) in anhydrous benzene (6 ml) was cooled to 5°C
under stirring. To this were added a solution of VII (406 mg. 1 mmol) and tri-
ethylamine (152 mg, 1.5 mmol) in anhydrous benzene (4.0 ml) during 15-20 min,
After the addition was complete, stirring was continued further for 40- 50 min at
5°C and then at ambient temperature for 24 h. The progress of the reaction was
followed by TLC using benzene/ethyl acetate (95:5. v/v) as the solvent system.
The insoluble material was removed by filtration. and the solvent from the filtrate
was removed under reduced pressures. The residue was dried in vacuo for 3—4 h
at 40—50°C. To this was added 3.7 ml solution of anhydrous trimethylamine
in acetonitrile (16 g/100 ml acetonitrile). The solution so obtained was transferred
to a glass tube which, after sealing, was heated at 60—70°C for 40 h. It was then
cooled and the reaction mixture was transferred to a flask and the solvent was
removed in vacuo. The residue after chromatography first over silica gel and then
on the Sephadex LH-20 column afforded pure 1-O-hexadecyl-2-O-benzyl-sh-
glycero-3-phosphocholine (VIII) in 70-80% over all yields. 6: 7.1 (s, SH, CgHs).
4.55 (s, 2H, O—CH,—CgH;), 4.3-3.15 (m, 11H, O-CH,;, O—CH and N-CH,).
3.03 (s. 9H, N—CH,).

A solution of VIII (408 mg. 0.68 mmol) in anhydrous methanol (50 ml) was
hydrogenated over Pd-black (about 100 mg) at room temperature and atmospheric
pressure for 3 h. The catalyst was removed by filtration and removal of the solvent
from the filtrate afforded pure 1-O-hexadecyl-sn-glvcero-3-phosphocholine (1X).
Yield: 340 mg (98%). 6(CD;OD): 4.3—-4.05 (m, 1H. O—CH). 3.9-3.2 (m. 10H.
O—CH, and N—CH.). 3.13 (s. 9H, N—CH).

Preparation of 1 from IX was carried out as described by Gupta and Bali [8].
Briefly, a mixture of 1X (340 mg, 0.67 mmol), oleyl isocyanate (1.13 g. 4.02
mmol) and DMAP (34 mg, 0.31 mmol) in anhydrous chloroform (10 ml} was
stirred at ambient temperature in dark for 60—65 h. Chromatography of the
residue, obtained after removal of the solvent, over silica gel and Sephadex LH-20
columns gave pure 1. Yield: 380—400 mg (74-78%). vmax: 1710 (C=0) and
1100 em™ (C-0-C). 6: 5.5-5.0 (m, 2H, HC=CH), 5.0-4.65 (m. 1H, O-CH).
4.3-2.7 (m. 21H containing one singlet at 3.3 for ?Q{C!jgh). Analysis: Calc. for
C4:HgsN,O-P. 3H,0: C, 61.88, H, 11.25: N, 3.44: P. 3.80. Found: C. 61.84; H.
11.16; N, 3.75: P, 3.52%.

Prepararion of 1-O-hexadecyl-2-O-oleyl-sn-glvcero-3-phosphocholine (2, Fig. 2)

The trityl derivative V served as the starting material in the preparation of 2.
].0-Hexadecvl-2-0-oleyl-3-O-trityl-sn-glycerol (X) was prepared from V by slightly
modifying the published method [13]. Briefly, a mixture of V(2.0 g, 3.58 mmol}).
oleyl bromide (2.5 g, 7.6 mmol) and powdered potassium hydroxide (3.5 g. 62.5
mmol) in anhydrous benzene (100 mi) was stirred at 110—120°C. Under these
conditions, the reaction was complete in 12—15 h as judged by TLC (5% ethyl
acetate in benzene). The reaction was worked up as described in literature [13].
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Fig. 2. Synthesis of 1-O-hexadecyl-2-O-oleyl-sn-glycero-3-phosphocholine (2).

The crude product was chromatographed over silica gel column using n-hexane/
diethyl ether as eluant. X was eluted in n-hexane containing 1% diethyl ether.
Yield: 2.5-2.7 g (86-93%). 8: 7.4—-695 (m, 15H, C¢Hs). 5.3-5.05 (m, 2H.
HC=CH). 3.5-2.9 (m. 9H. O—CH; and O—-CH).

X upon treatment with 90% aqueous acetic acid, essentially under the condi-
tions as described for conversion of VI into VII, gave 1-O-hexadecyl-2-O-oleyl-
sn-glycerol (XI) in over 90% yields. Purification was accomplished over a silica gel
column using #-hexane/diethyl ether as eluant. X1 was eluted in n-hexane contain-
ing 3% diethyl ether. 6: 5.4-5.15 (m, 2H, HC=CH), 3.7-3.25 (m. 9H, O-CH,
and O—CH).

XI was converted into 2 by an identical procedure as described above for the
preparation of VIII from VII. The purification was affected by chromatography
over silica gel and Sephadex LH-20 columns. Yield: 70—-80%. 6: 5.4-5.1 (m, 2H.
HC=CH). 4.45-3.1 (m. 22H containing one singlet at 3.33 for ﬁi((‘ﬁ_‘b]. Analysis:
Calc. for C4HgeNOGP. 4 H,0: C, 62.73; H. 11.78; N, 1.74: P, 3.85. Found: C,
63.10;H. 12.05: N, 1.93: P. 3.88%.

Preparation of 1-O-hexadecyl-2-oleayl-sn-glycero-3-phosphocholine (3, Fig. 3)

The lyso derivative IX upon acylation with oleic anhydride, essentially under
the conditions as described by Gupta et al. [23]. afforded 3 in 85-90% yields.
§: 5.5-5.1 (m, 2H, HC=CH), 5.1-4.9 (m, 1H, O—CH), 4.35-2.9 (m. 19H con1ain-
ing one singlet at 3.25 for N(CH;);). Analysis: Calc. for C4HgeNO-P. H,0: C.
66.02:H, 11.34; N, 1.83:P,4.05. Found: C,65.72;H, 11.46: N, 2.01: P, 3.96%.

Preparation of 3-O-hexadecyl-2-oleoyl-sn-glycero-1-phosphocholine (4, Fig. 4)
The glycerol ether 111 was used as the starting material for the preparation of
4. Conversion of III into the lyso derivative XVI was accomplished by identical



175

H3C.(CH,) g0
in)
X ————— H3C.(CHa)3 (CHaly-C-0 %u o
- 3 1 . -CHy
O-II’-O-[CH-JI!—N‘;\_,CHa
o~ CH3

3
H
Reogents:n, (C,oH33C0 -0 il Y .
HC” s

Fig. 3. Synthesis of 1-O-hexadecyl-2-oleoyl-sn-glycero-3-phosphocholine (3).

methods as described above for the preparation of IX from IV. Acylation of XVI
with oleic anhydride [23] afforded 4 in over 80% yields. 6: 5.5-4.85 (m, 3H,
HC=CH and O-CH). 4.6-3.05 (m, 19H containing one singlet at 3.25 for

N(CHj);). Analysis: Cale. for CgHglNOSP. 2H,0: C, 64.50: H, 11.34: N, 1.79:

P, 3.96. Found: C,64.60;H, 11.20;N, 1.98;P, 3.87%,
Results and Discussion

This report primarily describes a complete synthesis of the novel PC analog 1.
As shown in Fig. 1, several steps are involved in the synthesis of this phospholipid.
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But each step is simple to perform and affords the desired products in high yield.
The benzylation step has been introduced as the carbamyloxy bond. formed by
reaction of V with oleyl isocyanate, was partially degraded during removal of
the trityl group.The procedure used for phosphorylation of VII seems to be the
method of choice because phosphorylation by other methods [21.24] yields a
mixture of products from which VIII can be isolated in very poor yields (20-30%)
only.

A few of the intermediates formed during the synthesis of 1 were utilized to
prepare some other potentially useful PC analogs. 2 -4. The synthetic routes
described here for these phospholipids are similar to those reported by Chalko
and Hanahan [21] with some modifications. One of the major changes introduced
in the synthesis is the method of phosphorylation. The present phosphorylation
procedure is more efficient than that used by these workers. The other equally
important modification is the preparation of 3 (or 4) via acylation of IX (or XVI)
rather than of V (or XII). This eliminated the problem of acyl group migration
that has been encountered earlier [21].

Sensitivity of 1-4 to phospholipases was analysed as described earlier [8].
The analogs 1. 2 and 4 were not hydrolysed by Naja naja phospholipase A, even
after 48 h treatment, whereas in identical conditions, egg PC was completely
degraded in about 30 min and the l-ether-2-ester PC, 3. was fully susceptible to
this enzyme. However, the PC analogs 1 and 3 were readily degraded by phospho-
lipase C (Bacillus cereus) whereas 2 and 4 were only poorly hydrolysed.

The carbamyl analogs of diester-PC have earlier been shown to form liposomes
that are not lysed by the serum constituents [6] and are stabler and longer living.
as compared to egg PC liposomes, in the circulation of rats [7]. The latter property
of the carbamyl PC liposomes may be attributed either to the phospholipase-
resisting character [10] of this PC analog or to the tighter packing of this phospho-
lipid in the liposomes bilayer [11]. As the tighter packing in the carbamyl PC
bilayers seems to be induced by the H-bonding potential and/or stabilisation
of the preferred conformation of this lipid [7], it is expected that the packing
properties of 1 in the bilayers may be similar to that of the carbamyl PC. There-
fore, differences, if any, between the behaviours of 1 and carbamyl PC liposomes
in the blood circulation may directly be attributed to the presumed phospholipase
A,-resisting character of 1. Similarly. if phospholipases play any role in capture
and lysis of liposomes in vivo [10], the liposomes of 2—4 may be expected to last
longer in the circulation of injected animals. as compared to egg PC liposomes.
These possibilities are presently being tested by studying the stability and survival
times of 14 liposomes in the circulation of rats.
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