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Stabilization and Degradation

Synthesis of Polymerizable Glycerophosphocholines
and their Polymerized Vesicles
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Research Institute, Taiho Pharmaceutical Co., Lid., Tokushima, 771-01 Japan
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Summary

Three types of polymerizable glycerophosphocholines have been prepared.
They have a styrene group through a spacer having a ketone, ether or amide
group. The ketone- and ether-type compounds form nonpolymerized and
polymerized vesicles depending on the chain length of the alkyl group at
the 2-position of glycerol. The polymerized vesicles are stable for months.

Introduction

Phospholipid vesicles have made remarkable progress in their application
as model biomembranes (1-3). But their mechanical unstability mekes their
use for limited purposes (4).

For stabilization of vesicles different ways have been reported (5-11).
Among them recent developements by using polymerized vesicles are remarkable
(2,7-11). One of them has displayed enhanced mechanical stability (12).
Various polymerizable phospholipids having diyne, diene or methacrylate have
been reported, but no styrene containing glycerophosphocholines. Recently
the authors have found that the glycerophosphocholine having one styrene
group with a spacer (1(n=18)) can form polymerized vesicles, but those having
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two styrene groups or one styrene group without a spacer can not (13).

In this paper three types of styrene containing glycerophosphocholines
(1(n), 2(n) and 3(n), n=14, 16, 18 and 20) are synthesized and the effect of
the R residue and the chain length of alkyl chain at 2-position on the
vesicle formation is discussed.

Experimental

Apparatus 1H and 13C NMR, fast atom bombardment mass (FABMS), electronic

absorption and infrared spectra were recorded on a JEOL JNM-FX100 spectrometer,
a JEOL JMS-DX300 spectrometer, a Shimadzu UV-240 spectrophotometer and a
Hitachi 260-50 spectrophotometer, respectively. Transmission electron micro-
scopy was carried out using a Hitachi H-500 by the negative staining method
(uranyl acetate). Gel and liquid-crystal phase transitions were measured by

a Seiko SSC-560U differential scanning calorimeter (5°C/min).

Methyl 11-(p-vinylphenoxy)undecanoate

In a three necked flask equipped with a calcium chloride drying tube
and a dropping funmel sodium hydride (60% in oil, 7.2 g) was washed with
50 ml of n-hexane three times and to the residue was added 300 ml of dry
N,N-dimethylformamide (DMF) . The mixture was cooled in a ice-cold water
bath with stirring. To the solution was added dropwise 19 g (158 mmole) of
p-hydroxystyrene dissolved in 300 ml of dry DMF for 25 min and the stirring
was continued for further 10 min. 48.6 g (174 mmole) of methyl 11-bromo-
undecanoate dissolved in 160 ml of dry DMF was then added dropwise to the
stirred solution for 30 min. After the reaction mixture was stirred for 90
min, 11 ml of absolute methanol was added. It was filtered and the filtrate
was concentrated by evaporation under reduced pressure. The residue was
purified by column chromatography on silica gel (benzene/petroleum ether=1/1)
and the product was recrystallized from methanol to give 27.9 g of the title
compound; yield 55%; TLC(silicq gel, benzene) Rf=0.6; MS:318(M ); IR(KBr):
1730(ester carbonyl), 1620 cm ' (vinyl C=C); Anal. (020H300 ): C 75.20(75.43),
H 9.58(9.49);m.p. 61-61.5°C. 3

11-(p-Vinylphenoxy)undecanoic acid

Methyl 11-(p-vinylphenoxy)undecanoate (27.7 g) was dissolved in dioxane
(845 ml) and to this were added methanol (420 ml) and 2N NaOH (420 ml).
It was stirred at room temperature under dark for 15 hr and then the solvents
were removed by evaporation under reduced pressure. To the residue were
added water (1000 ml) and conc. HC1 (84.5 ml). The mixture was stirred for
30 min and the precipitate was collected, washed and dried. It was
recrystallized from n-hexane to give 24.4 g of the title compound; yield 90%;
m.p. 9%-95°C; MS:304(M%); ir(XBr): 1700 cm (carboxylic acid C=0); Anal.
(C19H2803): C 74.86(74.96), H 9.62(9.27).

1-0-[11-~(p~Vinylphenoxy)undecanoyll-2-0-octadecyl-rac-glycerol

In a flask equipped with a calcium chloride drying tube 0.92 g (3 mmole)
of 11-(p-vinylphenoxy)undecanoic acid was dissolved in dry dichloromethane
(40 ml). To this was added 0.62 g (3 mmole) of dicyclohexylcarbodiimide
and the solution was stirred for 3 hr at room temperature under dark. It was
filtered and the filtrate was directly added to the dichloromethane solution
(100 ml) having 2.07 g (6 mmole) of 2-O-octadecyl-rac-glycerol (1%) and 73
mg (0.6 mmole) of 4-(N,N-dimethylamino)pyridine (DMAP). It was stirred for
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2 days under dark and then evaporated to dryness under reduced pressure. The
residue was purified by column chromatography on silica gel (benzene/diethyl
ether=10/1) to afford 0.7 g of the title compound; yield 37%; TLC(silica gel,
benzene/diethy} ether=9/1): Rf=0.3; m.p. 5%-55°C; MS:631(M+1); IR(KBr): 3430
(OH), 1740 cm ' (ester carbonyl); Anal.(C,.H,.O.): C 76.38(76.1%), H 11.19
(11.18). 4077075

The compounds with a different alkyl chain (2(n=1%,16 and 20)) were
prepared by the same procedure described above using the corresponding
2—O-alkyl—£ac—glycerol derivativei. M.p., yield and MS data were 39-40°C,
58%, 57T4(MT); 42-43°C, 48%, 602(M"); and 51-52°C, 64%, 659(M+1) for n=1k%, 16
and 20, respectively.

1-0-[11-(p-Viny Iphenoxy)undecanoy l]-2-0-octadecy l-rac-glycero-3-phospho-
choline(2(n=18))

To a flask equipped with a calcium chloride drying tube were added 0.6 g
(0.95 mmole) of 1-0-[11-(p-vinylphenoxy)undecanoyl]-2-0-octadecyl-rac-
glycerol, 10 ml of dry benzene, 0.2 ml (1.4 mmole) of dry triethylamine and
18 mg of DMAP. To the stirred solution was added 0.16 g (1.% mmole) of
2-chloro-2-oxo-1,3,2-dioxaphospholane (15) and the solution was stirred for
12 hr under dark at room temperature. It was filtered and the filtrate was
concentrated under reduced pressure. The residue was dried in vacuo. It was
dissolved in dry acetonitrile (20 ml) in a stainless steel pressure tube at
60°C for 6 hr. The reaction mixture was evaporated to dryness and the residue
was purified by column chromatography on silica gel (chloroform/methanol/
water=65/25/4). The desired fraction was collected, dried and then freeze-
dried from dry benzene to afford 0.40 g of the title compound; yield 35%.

It had the same Rf value on TLC (silica gel,chloroform/methanol/water=
65/25/4) as purified egg yolk glycerophosphocholine (Sigma Chem. Co.)._
FABMS:796(M+1); IR(KBr):1720(ester C=0),1605,1505(phenyl C=C), 1625 cm
(vinyl C=C)& Anal.(Cu Hg N 08): N 1.76(1.76); UV(m?ghanol): g 258 nm
{e__.1.8x10 liter/moie.cmj. The proton decoupled ~C NMR spec%¥a1 data,

shownl in Figure 1, are in complete agreement with the indicated structure.

The compounds (2(n=1}4,16 and 20)) with a different alkyl chain were
prepared by the same procedure described above except for the use of the
corresponding 1-0-[11-(p-vinylphenoxy)undecanoyl]-2-0-alkyl-rac-glycerol
derivatives. FABMS, analytical (N) data and yield were THO(M+t), 1.88(1.89),
59%; 768(M+1), 1.76(1.82), 57%; and 824(M+1), 1.69(1.70), 42% for n=1k%, 16
and 20, respectively. All of the compounds had the same Rf values as13
purified egg yolk glycerophosphocholine and showed almost the same C NMR
spectral data as 2(n=18).

1

1-[9-(p-Vinylbenzoyl)nonanoyl]-2-0-alkyl-rac-glycero-3-phosphocholine (1(n))

The compounds (n=1%, 16, 18 and 20) were prepared according to the
previous paper (13) using the corresponding 2-0O-alkyl-rac-glycerols. FABMS
and analytical (N) data were 724(M+1), 1.97(1.93); 752(M+1), 1.82(1.86);
and 808(M+1), 1.74(1.73) for n=14, 16 and 20, respectively.

Preparation of nonpolymerized vesicles and their photopolymerization

Glycerophosphocholine was suspended in H,O, D,0 or phosphate buffer
(pH7.0) presaturated with N, gas and the mixtfire wis ultrasonicated under N
for 15 min in a ice-cold wa%er bath. The almost clear solution was transferfed
into a quartz NMR tube or UV cell throgh membrane filter (0.45 um) and then
it was sealed under N,. The vesicle solution thus prepared was irradiated
by UV lights using a %ow vacuum mercury lamp (30w) in a water bath at 50°C
for 10-30 min.
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Figure 1. Proton decoupled 3¢ mm spectrum of 2(n=18) in CDCl3
(internal standard: TMS)
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1-0-[12-(p-Vinylbensamido)dodecanoyll-2-0-alkyl-rac-glycero-3-phosphocholine
(3(n))

The same procedure described for 2(n) using 12-(p-vinylbenzamido)dodeca-
noic acid in place of 11-(p-vinylphenoxy)undecanocic acid was applied for
preparing 3(n) (n=14, 16, 18 and 20). FABMS and analytical (N) data were
781(M+1), 3.48(3.59); 809(M+1), 3.26(3.46); 837(M+1), 3.23(3.35); and 865
(M+1), 3.13(3.24)hfor n=1%, 16, 18 and 20, respectively. UV(methanol):A ax
264 nm(e___2.1x10° liter/mole.cm); ~C NMR(CDCL,,TMS)s{ppm): 115.7,136.9
(vinyl),m®%126.2,127.2,133.9,140.3(phenyl), 16771 (amide carbonyl), 173.8
{ester carbonyl), 54.3(choline methyl).

Results and Discussion

Synthesis of styrene containing glycerophosphocholines

Diacylglycerophosphocholines having long acyl chains can form bilayer
and the carbon number of acyl chains should be more than 12 (16). Preliminary
study on the ketone type styrene containing glycerophosphocholines revealed
that those having one styrene group with a spacer can form vesicles but those
having two styrene groups or one styrene group without a spacer cannot (13).
Therefore, glycerophosphocholines should be designed to have only one styrene
residue with a spacer. And it is interesting to elucidate the effect of the
R residue situated between a terminal styrene and an acyl chain on vesicle
formation. In this communication, therefore, three types of styrene containing
glycerophosphocholines are synthesized.

Glycerophosphocholines 2(n) and 3(n) (n=14%, 16, 18 and 20) were prepared
according to Scheme 1 and Scheme 2, respectively. The ketone type derivatives
1{n) (n=1%, 16, 18 and 20) were also synthesized according to the previous
paper (13). 13

A1l glycerophosphocholines have been characterized by ~C NMR, ir, fast
atom bombardment mass and/or N analyses. They are soluble in chloroform and
methanol and have the same Rf values on TLC as purified egg yolk glycero-
phosphocholine.

nonpolymerized

endothermic

polymerized

5.00 15,00 25.00 3%.00 45.00 55.00
—_—
Temperature(Heating) ©C

Figure 2. Differential scanning calorimetry (DSC) curves of nonpolymerized
and polymerized vesicles of 2(n=18) in H,0
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Nompolymerized vesicle formation

Vesicle formation of 1(n), 2(n) and 3(n) was studied by measuring the
properties of their water dispersions prepared by ultrasonication. For
example, 2(n), after ultrasonication, gave nonviscous and almost clear
dispersions in H.O and DSC measurements showed the critical temperature (Tc)
due to the gel afd liquid-crystal phase transitions (Figure 2) for n=16, 18
and 20, but not for n=1Y%. Tc was 33.1°C, 41.2°C and ¥1.6°C for n=16, 18 and
20, respectively.

The formation of unilamellar and single-walled vesicle is supported by

H NMR spectral measurements (13,17,18). The singlet pe characteristic of
the choline met@yl groups was split by the addition of Eu”" ions (data are
not shown, but H NMR spectra of polymerized 2 are shown in Figure 4). But no
splitting was observed in the case of 2(n=14).

Gel permeation chromatography on Sepharose 4B eluted by the phosphate
buffer (pH7.0) (detected by measuring absorbance at 280 nm) supported the
formation of small particles (diameter:200-400 A) (19).

From these results, it was found that 2 can form unilamellar vesicles
when n is more than 16. By the same measurements on 1, it was found that
1 can form vesicles (n 212). But the dispgrsions of 3(n) (n=14%, 16, 18 and 20)
10.5-5 wt/vol%) were viscous and neither 'H NMR spectral nor electron micro-
scopic measurements supported vesicle formation.

Thus, the vesicle formation of the styrene containing glycerophospho-
cholines merkedly depends on both the structure of R and the chain length
of an alkyl group at the 2-position of glycerol.

Polymerized vesicles

The nonpolymerized vesicles of 2 and 1 (n=16, 18 and 20) were irradiated
by UV lights. The polymerization was followed by measuring UV absorption
spectra. As shown in Figure 3, the absorption band of the nonpolymerized
vesicles of 2(n=18) at 254 nm is shifted to 225, 277 and 285 nm after
irradiation. The new bands are consistent with those of the model compound k4,
i.e. 1-[11-(p-ethylphenoxy)undecanoyl]-2-0-octadecyl-rac-glycero-3-phospho-

choline(km :224nm(1.9x10uliter/mole.cm),277(1.6x103),284(1.hx103)).
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Figure 3. Ultraviolet absorption spectra of the vesicle of 2(n=18) before
 QE— ) and after(—-— ) irradiation by UV lights and of the

vesicle of the model compound 4 ( ) in H,0
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Figure 4. Tt oR spectra of the polymerized 2(n=18)
(a) in the absence and (b) in the presence
of Eu(NO3)3 in D0 at 50°C. [1ipid]=U wt/vol%

Figure 5. Electron microscopic photograph of
the polymerized 2(n=18) negatively
stained with uranyl acetate
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The photopolymerization of nonpolymerized vesicles of 1(n) (n=16 and 20)
was supported from the UV spectral change of the absorption band from 265 to
251 mm as,reported for 2(n=18) (13).

The H NMR spectral measurements, which showed the outward and inmer
cholines, supported the formation of unilamellar and single-walled vesicles
of the polymerized 2 (Figure 4).

Due to the formation of styrene polymers in bilayer, no phase transition
was found in the polymerized vesicles (Figure 2).

The sizes were estimated by negative stain (uranyl acetate) electron
microscopy. The electron micrograph of the polymerized gﬂn=18), for example,
showed the formation of closed particles with average diameters of 340 A
(Figure 5).

The suspensions of polymerized 2(n=18 and 20) and 1(n=16, 18 and 20)
were stable without any phase separation and the sizes of the particles were
constant for months.

References

1. G. Gregoriadis, "Drug Carriers in Biology and Medicine" Acad. Press,
London (1979).

2. J. H. Fendler, "Membrane Mimetic Chemistry! John Wiley and Sons, New
York (1984).

3. E. Tsuchida, H. Nishide, M. Yuasa, E. Hasegawa, Y. Matsushita, J. Chem.
Soc., Dalton Trans. 1147 (1984).

4. J. H. Fendler, Acc. Chem. Res. 13, 7 (1980).

5. T. Kunitake and S. Yamada, Polymer Bull. 1, 35 (1978).

6. K. Iwamoto and J. Sunamoto, J. Biochem. (Tokyo) 91, 975 (1982).

7. L. Gros, H. Ringsdorf and H. Schupp, Angew. Chem. Int. Ed. Engl. 20,
305 (1981).

8. R. Bueschl, H. Ringsdorf and U. Zimmermann, FEBS Lett. 150, 38 (1982).

9. %. g. Regen, P. Kirszensztejn and M. Singh, Macromolecules 16, 335

1983).

10. 8. L. Regen, A. Singh, G. Ochme and M. Singh, Biochem. Biophys. Res.
Commun. 101, 131 (1981).

11. E. Hasegawa, Y. Matsushita, K. Eshima, H. Nishide and E. Tsuchida,

The 1984 International Chemical Congress of Pacific Basin Societies,
Preprints 07H32, Honolulu, Hawaii (198%).

12. R. L. Juliano, S. L. Regen, M. Singh, M. J. Hsu and A. Singh,
Bio/Technology 1, 882 (1983).

13. E. Hasegawa, Y. Matsushita, K. Eshima, H. Nishide and E. Tsuchida,
Makromol. Chem. Rapid. Commun. 5, 779 (198k).

1%. D. Arnold, H. U. Weltzien and O. Westphal, Justus Liebig Ann. Chem.
709, 234 (1967).

15. R. S. Edmundson, Chem. Ind. (London) 1828 (1962).

16. D. Lichtenberg, R. J. Robsmond and E. A. Dennis, Biochim. Biophys. Acta
737, 285 (1983).

17. V. F. Bystrov, N. I. Dubrovina, L. I. Bardukov and L. D. Bergelson,
Chem. Phys. Lipids 6, 343 (1971).

18. S. B. Andrews, J. W. Faller, J. M. Gillian and R. J. Barrnett, Proc.
Nat. Acad. Sci. USA 70, 1814 (1973).

19. C. Huang, Biochemistry 8, 344 (1969).

Accepted July 9, 1985 C



