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Summary A high-yield synthesis of saturated, unsatu-
rated, and short chain phosphatidylcholines from sr-glycero-
3-phosphocholine is described. The procedure offers ad-
vantages over other reported procedures for the synthesis
of phosphatidylcholine in that the large-scale synthesis and
purification can be achieved in a minimum time. The pro-
cedure utilizes 4-pyrrolidinopyridine as a catalyst and mod-
erate amounts of fatty acid anhydride (2 mol eq. of fatty acid
anhydride per mol of OH) in a 1:1 mixture of benzene-
dimethylsulfoxide (DMSO) at 40°-42°C (oilbath) for 2—5 hr.
At the end of the reaction, the phosphatidylcholine can be
purified in the usual manner or by using a Waters Prep
LC/500 with a radially compressed silica gel column eluted
with chloroform-methanol-water 60:30:4. Ata flow rate of
200 ml/min, the phospholipid elutes in 10-15 min, depend-
ing on the chain length and unsaturation.—Patel, K. M.,
J- D. Morrisett, and J. T. Sparrow. A convenient synthesis of
phosphatidylcholines: acylation of sn-glycero-3-phospho-
choline with fatty acid anhydride and 4-pyrrolidinopyridine.
J. Lipid Res. 1979. 20: 674-677.
Supplementary key words phospholipids - preparative liquid
chromatography

Various procedures for the synthesis of phosphati-
dylcholines have been reported. Generally, they have
involved the base-catalyzed acylation of sn-glycero-3-
phosphocholine or its cadmium chloride complex with
fatty acid-trifluoroacetic anhydride (1), fatty acid
halides (2), anhydrides (3, 4), or anhydrides plus the
corresponding fatty acid salt (5). The catalysts most
often encountered are pyridine (1), 4-dimethylamino-
pyridine (3), or sodium oxide (6). More recent methods

Abbreviations: GLC, gas-liquid chromatography; TLC, thin-
layer chromatography; DMSO, dimethylsulfoxide; GPC, sn-
glycero-3-phosphocholine; DSC, differential scanning calorimetry.
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include acylation with fatty acid acylimidazole (7) alone
or in the presence of the sodium salt of dimethylsulf-
oxide (8). The above procedures have several disad-
vantages, including phosphoryl migration (9), unde-
sirable by-products, large amounts of fatty acid deriva-
tives, low yields, long reaction times, and elevated
temperatures. In addition, several of these methods
are not generally applicable to the synthesis of all types
of phosphatidylcholines, e.g., the fatty acylimidazole/
sodium salt of DMSO procedure cannot be used with
saturated fatty acids.

In this report we describe a rapid and simplified
synthesis of phosphatidylcholines in high yield from
fatty acid anhydrides, 4-pyrrolidinopyridine, and the
cadmium chloride complex of sn-glycero-3-phospho-
choline (Fig. 1). With a molar ratio of fatty acid an-
hydride to hydroxyl group of 2:1, the reaction pro-
ceeds to near completion within 2 hr for short chain
and unsaturated phosphatidylcholines and within 5 hr
for long chain saturated analogs. Using this procedure
and the Waters Prep LC/500 for the purification, we
have successfully synthesized and isolated on a rela-
tively large scale unsaturated and saturated long chain
or short chain phosphatidylcholines in greater than
70% yield in a short period of time.

MATERIALS AND METHODS

Crude egg phospholipids (Sigma Chemical Com-
pany, St. Louis, MO) were purified on a Waters Prep
LC/500 as described previously (10). Tetrabutylam-
monium hydroxide (25% in methanol), cadmium
chloride (anhydrous), and Rexyn I-300 were purchased
from Fisher Scientific, Pittsburgh, PA; DMSO, Amber-
lite IR 45 and IRC-50 were from Mallinckrodt, St.
Louis, MO. Myristic, palmitic, stearic, and arichidic
acids were purchased from Nu-Chek Prep, Elysian,
MN. Oleic and linoleic acids were from Sigma, St.
Louis, MO. Hexanoic, octanoic, and elaidic acids were
Aldrich “gold label”, St. Louis, MO. All fatty acids
were greater than 99% pure as determined by GLC.
4-Pyrrolidinopyridine was synthesized by the proce-
dure of Vorbriiggen (11) and by the simplified pro-
cedure of Patel and Sparrow (12). Total phosphorus
was determined by the method of Bartlett (13). Chlo-
roform and methanol were Burdick-Jackson “glass
distilled”, Muskegon, MI. Silica gel plates were from
Brinkmann, Westbury, NY. Dicyclohexylcarbodiimide
was purchased from Schwarz-Mann, Orangeburg,
NY.Benzene was dried and stored over sodium metal;
dimethylsulfoxide was dried over activated alumina
and stored over 4 A molecular sieves. Fatty acid an-
hydrides were prepared according to Selinger and
Lapidot (14).
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Preparation of cadmium chloride complex of
sn-glycero-3-phosphocholine

Using 22 g of pure egg yolk phosphatidylcholine,
free sn-glycero-3-phosphocholine was prepared as
described by Brockerhoff and Yurkowski (15). The
free sn-glycero-3-phosphocholine was dissolved in
90% ethanol and added slowly to a solution of 10 g of
cadmium chloride in 10 ml of water to which had been
added 90 ml of absolute ethanol; a heavy white
precipitate appeared which was stored at 0°C for 4 hr.
The precipitate was collected and washed with 200 ml
of ether and 200 ml of absolute ethanol. Drying over
P,O; for 2 days gave 14.5 g (88%) of (GPC),(CdCl,)s.
Phosphorus: calculated for (GPC),(CdCly); (mol wt
1100), 5.63%; found, 5.6%.

General procedure for the synthesis of
phosphatidylcholines

The cadmium chloride complex (1.1 g, 1 mmol;
dried at 50°C in vacuo for 2 hr over P,Oy3) of sn-glycero-
3-phosphocholine was dissolved in 5 ml of dry
dimethylsulfoxide at 45°C. A solution of the appro-
priate fatty acid anhydride (8 mmol) in 5 ml of dry
benzene containing 0.29 g (2 mmol) of 4-pyrrolidino-
pyridine was added to the warm dimethylsulfoxide
solution. The nearly homogeneous solution was
stirred for 2—5 hr at 42-45°C under a N, atmosphere.
The progress of the reaction was monitored by thin-
layer chromatography on silica gel. The silica gel
plates were developed in chloroform-methanol-water
60:30:4 and lipid spots were detected with I, and/or
phospholipid spray (16). After the reaction was judged
complete (usually after 3 hr) by TLC, the reaction
mixture was diluted with 100 ml of chloroform-meth-
anol—water 5:4:1 and passed through a mix-bed IR 45/
IRC 50 column (2.5 X 50 cm) to remove the cadmium
chloride and 4-pyrrolidinopyridine; the column was
eluted with an additional 200 ml of the solvent
mixture. After removing most of the solvent by rotary
evaporation, the residue was injected directly onto the
Waters Prep LC/500 radially compressed silica gel
column pre-equilibrated with chloroform-methanol~
water 60:30:4 as previously described (10). (In lieu of
the Waters Prep LC/500 purification procedure,
standard silicic acid column chromatography can be
used at this point to purify the product.) Fractions of
~400 ml were collected and spotted on TLC plates to
confirm the location of the phosphatidylcholine. The
appropriate fractions were pooled and the solvent was
evaporated. The residue was dissolved in benzene,
frozen, and lyophilized. The phosphatidylcholines
were pure by TLC and were characterized according
to their transition temperatures by differential

0 0
R-C CH,- 0-C-R
\ 4-pyrroliding- l 0
pyridine Il
(GPO), (CdCly), + o — o -0-C-R
DMSO- benzene
o} CH,
I:1, 42°C | |
R-C CH,- O- P - O - CH,CH,'N - CH,
{ |
IC‘) o - CH,

Fig. 1. Synthesis of phosphatidylcholines.

scanning calorimetry and their rotations at the sodium
D line; all agreed with the reported values. GLC
analysis of the transesterified methyl esters from the
unsaturated phospholipids revealed the absence of
isomerization of the double bonds.? The yields, elution
times, rotations, and transition temperatures are given
in Table 1.

Large-scale preparation of 1,2-dimyristoyl-sn-
glycero-3-phosphocholine

The (GPC)y(CdCly); complex (9.6 g, 8.7 mmol)
was dissolved in 15 ml of dry dimethylsulfoxide at
42°C. A solution of 29g (66 mmol) of myristic
anhydride and 2.57 g (17.4 mmol) of 4-pyrrolidino-
pyridine in 15 ml of dry benzene was added and the
reaction was stirred at 42°C for 5 hr. The reaction
mixture was poured into 200 ml of chloroform-meth-
anol-water 5:4:1 and this solution was passed through
a Rexyn 1-300 or mix-bed IR 45/IRC 50 column
(2.5 x 75 cm). After washing the column with 200 ml
of the same solvent, the combined eluants were
partially evaporated and the residue was injected onto
the Waters Prep LC/500. Fractions 1 to 9 (Fig. 2)
were collected. TLC indicated that fractions 5 to 7
(combined volume ~1.41) contained only phos-
phatidylcholine. The combined fractions were evapo-
rated and the residue was lyophilized from benzene
and dried over P,O; to give 10.5g (88%) of the
title compound. Phosphorus: calculated for CssHye-
NOgP (mol wt 678), 4.57%; found 4.57%.

3GLC analyses were performed on a Hewlett Packard
5830A with flame ionization detector on a column containing
15.5% OV-275 on 100/120 Chromasorb P AW-DMCS 20 ft x 1
in SS column (Supelco, Bellefonte, PA). Temp 220°C; He flow
rate, 10 ml/min; sample size, 0.5 ul at a concentration of 10 mg/ml
in carbon disulfide. The advantage of this packing material is
that ¢is and trans isomers of C;3 fatty acid methyl esters can
be separated, i.e., methyl elaidate elutes at 28.91 min, methyl
oleate elutes at 30.73 min, methyl linoelaidate elutes at 33.11
min, and methyl linoleate elutes at 38.21 min. In the case of
1,2-dilinoleoyl- and 1,2-dioleoyl-sn-glycero-3-phosphocholine, only
the c¢is isomer was present; no oxidation products were observed.
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TABLE 1. Yields and physical properties of synthetic phosphatidylcholines

DSC?
Phosphatidylcholine Reaction Time % Yield Elution Time® Lower T,,  Upper T, Rotation®
hr min °C

Dihexanoyl 2 72 20 +105 ¢=6.5
Dioctanoyl 2.5 76 16 +9.7 c¢=474
Dimyristoyl 5 88 11 14.3 24.1 +7.0 c¢=42
Dipalmitoyl 5 78 12 354 42.4 +66 c=4.3
Distearoyl 5 78 12 51.4 55.5 +6.4 c=4.59
Diarichidoyl? 5 65 13 62.9 66 +6.11 c=4.5
Dioleoyl 2.5 85.5 10 +6.46 ¢ = 5.56
Dielaidoyl 2.5 79 10 +6.9 c¢=53%4
Dilinoleoyl 2.5 75 10

¢ Prep LC/500 (Waters Associates, Milford, MA) purification was carried out with chloroform-methanol-water 60:30:4
(v/v) at a relative detector response of 2 and a chart speed of 2 min/cm; the flow rate was 200 ml/min. After each injection,
the column was flushed with chloroform—methanol-water 60:40:10 and re-equilibrated with a 60:30:4 mixture until a

stable baseline was obtained.

® Differential scanning calorimetry (Perkin Elmer DSC-2) was performed on hydrated phosphatidylcholine at a heating
rate of 1.25 deg/min; range 2 mcal/sec. Lit. (18) values in °C for dimyristoyl: Ty, 14.2; T, 23.9; dipalmitoyl: T,,,, 35.3;

T, 41.4; distearoyl: Ty, 51.5; Ty, 54.9.

¢ The optical rotations were determined on a Perkin-Elmer 241 polarimeter in a 10-cm microcell at the Na/D line.
All samples were prepared in chloroform-methanol 1:1 (v/v) except that of dihexanoyl, which was in pure chloroform.
Lit. values for dimyristoyl: +7.0°; dipalmitoyl: +6.6°; distearoyl: +6.4° (1); dioleoyl: +6.0 (2).

¢ For diarichidoylphosphatidylcholine, the reaction temperature was initially 55°C for 2 hr and then 45°C for 3 hr.

Synthesis of 1,2-dioleoyl-sn-glycero-3-
phosphocholine

The (GPC)x(CdCl,); complex (4.75 g, 4.3 mmol) was
dissolved in 5 ml of dry dimethylsulfoxide at 42°C. A
solution of 18.9 g (34.5 mmol) of oleic anhydride
in 5 ml of dry benzene was added, followed by 1.3 g
(8.78 mmol) of 4-pyrrolidinopyridine; the reaction
mixture was stirred at 42°C for 2 hr. The reaction
was complete as judged by TLC and was worked up
as for 1,2,dimyristoyl-sn-glycero-3-phosphocholine to

DETECTOR RESPONSE

TIME (min)

Fig. 2. Elution profile from the Waters Prep LC/500 for
dimyristoyl phosphatidylcholine. After ion-exchange chromatog-

raphy and evaporation to ~50 ml, the reaction mixture was

injected onto the silica column equilibrated in CHCl;—MeOH-
H,0O 60:30:4. The flow rate was 200 ml/min and the detector
response was 2. Fractions 1-3 contained fatty acid, fatty acid
anhydride, and dimethylsulfoxide. Fractions 5-7, collected be-
tween 7 and 14 min, contained the dimyristoylphosphatidyl-
choline in ~1.4 1 of solvent.

give 5.8 g (85.8%) of pure 1,2-dioleoyl-sn-glycero-3-
phosphocholine; however in order to remove CdCl,
and 4-pyrrolidinopyridine, mixed IR 45/IRC 50 resin
was used.? Phosphorus: calculated for C4HgNO,P
(mol wt 786), 3.94%; found 3.90%.

RESULTS AND DISCUSSION

The solubility of the cadmium chloride complex
of sn-glycero-3-phosphocholine in warm dimethyl-
sulfoxide led us to utilize this solvent for the acyla-
tion reaction. A nearly homogeneous reaction mixture
resulted by adding to this solution the fatty acid
anhydride and 4-pyrrolidinopyridine in an equal
volume of dry benzene. Following the progress of
the reaction by thin-layer chromatography on silica gel
plates indicated that large quantities of phosphatidyl-
choline had formed in 2-5 hr depending on the
chain length of the fatty acid anhydride, i.e., for
short chain and unsaturated fatty acids, 2.5 hr and
for long chain saturated fatty acids, 5 hr. After
purification by ion exchange, IR 45/IRC 50 or Rexyn
I-300, and radially compressed silica gel chromatog-
raphy, the synthetic phosphatidylcholines were ob-
tained in high yield (Table 1) and were homo-
geneous on TLC in chloroform-methanol-water
95:35:6; this system was shown by Lammers et al (9)

*It was found that, at this stage, if the reaction mixture were
passed through a Rexyn I-300 resin, 10-15% isomerization to
the trans isomer occurred, as observed by GLC analysis.
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to separate 1,2-diacyl-sn-glycero-3-phosphocholine
from 1,3-diacyl-sn-glycero-2-phosphocholine. The
synthetic materials had optical rotations comparable
to those reported (2, 17); the transition temperatures
by differential scanning calorimetry were in agree-
ment with the reported values (18). Phospholipase
A, cleavage (6) of the synthetic products was
complete after 1.5 hr; only fatty acid and lysophos-
phatidylcholine were observed by TLC. We feel that
the procedures described in this communication will
be useful to the synthetic lipid chemist since they
provide high yields of pure product in a minimum
time. 0
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