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Recently, Benson and Maruo,’ separating the phospholipides of an 
ethanolic extract of the alga Scenedesmus by chromatographic means, 
obtained a fraction whose major constituent was identified by its reaction 
with lead tetraacetate, formation of benzoyl- and isopropylidene deriva- 
tives, and liberation of (Y ,a-diglycerophosphate on mild alkaline hydrolysis 
as an cu-phosphatidyl-a-glycerol (Fig. 1, Structure I). Structural details 
remaining to be determined are the nature of the fatty acid substituents 
and, if these are not identical, their relative positions on the substituted 
glycerol moiety, as well as the configuration of both glycerol moieties. 
Theoretical considerations predict the existence of four stereoisomers 
grouped in two pairs of enantiomers for an ar-phosphatidyl-Lu-glycerol 
containing two identical fatty acid substituents (Fig. 1, Structures II 
to V). Several methods of determining the structure and configuration 
of naturally occurring phosphatidyl glycerols can be envisaged. However, 
the following two procedures seem to be the most promising ones. One 
requires the removal of the fatty acid substituents by a mild alkaline 
hydrolysis and comparison of the saponification product with bisglyceryl 
phosphates of known structure and configuration, while the other involves 
the synthesis of phosphatidyl glycerols of known structure and configura- 
tion for comparison with the natural product. However, Structures 
III and IV would be distinguished only by the second method. A method 
for the synthesis of bis(L-cY-glyceryl)phosphoric acid and bis(n-ar-glyceryl)- 
phosphoric acid has been reported recently by the present authors (3). 
The synthesis of cY-phosphatidyl-cr-glycerols has now been effected in this 
laboratory. As we pointed out earlier (3), there are good reasons for ex- 
pecting the naturally occurring phosphatidyl glycerols to be derivatives of 
bis(L-cr-glyceryl)phosphoric acid. Hence we concerned ourselves first with 
the synthesis of L-a-phosphatidyl-La-glycerols. In the absence of any in- 
formation as to the nature of the fatty acid substituents of the natural 

* The synthesis of enantiomeric cy-phosphatidic acids (1) and a-bisphosphatidic 
acids (2) should be considered Papers I and II in this series. 

1 Benson and Maruo (14). 
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products, both an unsaturated and a saturated phosphatidyl glycerol were 
prepared containing oleic acid and stearic acid, respectively. The synthe- 
sis of (dioleoyl-n-cu-glycerylphosphoryl)~n-a-glycerol from n-mannitol in- 
volves the following nine intermediates : 1,2,5,6-diacetone n-mannitol + 
acetone n-glyceraldehyde (4) + n-acetone glycerol (4) -3 n-acetone glycerol 
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I. Structure of phosphatidyl glyc- 
erol as suggested by Benson and 
Maruo’s evidence. 
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FIG. 1. Phosphatidyl glycerol and its possible stereoisomers 

benzyl ether (5, 6) ---) n-cr-glycerol benzyl ether (5, 6) + D-a ,p-(bis-9, lo- 
dibromo)distearin benzyl ether (7) -+ D-(Y) &(bis-9 , 10dibromo)distearin 
(7) -+ D+ , bdiolein (7) + isopropylidene(dioleoyl-n-a-glycerylphosphoryl)- 
n-c+glycerol. The details of the last steps of the synthesis are shown in 
Scheme 1. The isopropylidene(dioleoyl-~-cr-glycerylphosphoryl)-~-a-glyc- 
erol was not isolated, since at some stage during the working up and the 
addition of water to decompose the phosphorochloridate (VIII) cleavage of 
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the acetone group takes place, yielding directly the dioleoyl phosphatidyl 
glycerol (II). The unsaturated phosphatidyl glycerol (II) was obtained 
as a viscous oil in an over-all yield of 90 per cent calculated from diolein. 
In selecting for the synthesis of dioleoyl phosphatidyl glycerol (II), D-J?- 
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(Dioleoyl-x.,-cr-glycerylphosphoryl)- (Distearoyl-La-glycerylphosphoryl)- 
L-a-glycerol La-glycerol 

R = - (CH,),CH=CH(CH&CHI, 
RI = -(CHshC& 

SCHEME 1. Synthesis of a-phosphatidyl-a-glycerols 
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diolein and n-acetone glycerol, whose primary hydroxyl groups are derived 
by reduction of the carbonyl group of n-glyceraldehyde, the phosphoric 
acid residue is placed in a position on both glycerol moieties that is opposite 
to that of the phosphoric acid radical in n-glyceraldehyde-3-phosphoric acid 
and its reduction product n-or-glycerolphosphoric acid. Thus both glyc- 
erol moieties of the phosphatidyl glycerols II and IX have spatial arrange- 
ments opposite to those of n-glyceraldehyde-3-phosphoric acid and 
n-ar-glycerolphosphoric acid and hence possess the L configuration. The 
enantiomer of (dioleoyl-L-a-glycerylphosphoryl)-L-a-glycerol and the other 
pair of enantiomers (III and IV) may be obtained by the same procedure 
by using the appropriate stereoisomers of a,p-diolein and acetone glycerol 
(Table I). 

TABLE I 

Synthesis of Diastereoisomers of a-Phosphatidyl-a-glycerols 

Required stereoisomers of 
Desired (dioleoyl)phosphatidyl glycerol 

rr,@-Diolein Acetone glycerol 

II. (DO-L-~-G) (L-a-G)PA D D 

III. (DO-L-~-G) (D-a-G)PA ‘I 
L (8) 

IV. (DO-D-~-G) (L-(r-G)PA L (7) D 

V. (DO-D-~-G) (D-(u-G)PA ‘6 L 

Abbreviations, DO = dioleoyl, G = glyceryl, PA = phosphoric acid. 

The catalytic reduction of (dioleoyl-L-a-glycerylphosphoryl)-L-cr-glyc- 
erol (II) in ethanolic solution with hydrogen and platinum as catalyst gave 
an excellent yield of (distearoyl-L-ar-glycerylphosphoryl)-L-ar-glycerol (IX). 

This work completes the synthesis of a series of naturally occurring 
phosphate esters of increasing degree of substitution: glycerophosphoric 
acid (9, lo), bisglycerylphosphoric acids (3)) phosphatidic acids (I), 
phosphatidyl glycerols, and bisphosphatidic acids (2). Members of these 
classes are now accessible as individual, stereochemically pure compounds 
as a result of syntheses developed in this laboratory. These methods 
permit the preparation of unsaturated, as well as saturated, representatives 
of the acylated glycerol phosphates. The synthesis of an unsaturated 
phosphatidic acid and bisphosphatidic acid will be reported soon. 

Both the saturated and unsaturated phosphatidyl glycerols, which are 
closely related in structure to cardiolipin (11)) are under investigation by 
Dr. R. H. Allen and Dr. D. B. Tonks in the Laboratory of Hygiene, De- 
partment of National Health and Welfare, Ottawa, as possible substitutes 
for cardiolipin in the serodiagnosis of syphilis. This work will be reported 
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independently elsewhere. Preliminary indications are that the unsaturated 
phosphatidyl glycerol is fairly reactive as a cardiolipin substitute in VDRL 
tests. 

EXPERIMENTAL 

(Dioleoyl-A-a-Glycerylphosphoryl)-L-cr-Glycerol (II)-In a dry 300 ml. 
3-necked round flask with ground glass joints equipped with an oil-sealed 
motor-driven stirrer, calcium chloride tube, and dropping funnel were 
placed 3.1 gm. (0.02 mole) of freshly fractionated phosphorus oxychloride. 
The flask was immersed in an ice bath, and a mixture of 12.42 gm. (0.02 
mole) of D-a,/3-diolein (7) and 1.58 gm. (0.02 mole) of anhydrous pyridine 
was added dropwise with stirring to the phosphorus oxychloride during 
15 minutes. The funnel was rinsed with a solution of 1.6 ml. of pyridine 
in 10. ml of anhydrous ether, which was added to the reaction mixture, and 
the stirring was continued, the mixture being kept for 1 hour at 0” and 1 
hour at room temperature (approximately 24”). At the end of this period, 
the flask was placed in a water bath at lo’, and a solution of 2.65 gm. (0.02 
mole) of n-acetone glycerol (4) and 1.60 ml. of pyridine in 20 ml. of ethanol- 
free and anhydrous chloroform was added over a period of 5 minutes. 
The mixture was brought to room temperature, and the stirring was con- 
tinued for 2$ hours, 0.36 ml. (0.02 mole) of distilled water being added 
at the end of the 2nd hour. The reaction mixture was diluted with 300 
ml. of ether, the pyridine hydrochloride was removed by filtration, and the 
filtrate was washed in succession with three 200 ml. portions of ice-cold 
2 N sulfuric acid, two 200 ml. portions of a saturated sodium bicarbonate 
solution, and two 200 ml. portions of water. The ether solution was dried 
with anhydrous sodium sulfate, the solvent was distilled off under reduced 
pressure, and the residue was kept in a high vacuum at 35-40” until its 
weight was constant. The product (15.5 gm., P = 3.85) was dissolved 
in 200 ml. of anhydrous acetone; the solution was cleared by centrifugation 
and kept for 2 hours at -85” in a bath of solid carbon dioxide and acetone. 
The mixture was centrifuged in a refrigerated centrifuge at as low a tem- 
perature as possible, the supernatant solution was decanted, and the pre- 
cipitate was kept in vacua until its weight was constant. The residue, a 
viscous oil, was free of chemically bound acetone, weighed 14.0 gm. (90.3 
per cent of the theoretical amount), and consisted of pure (dioleoyl-n-a- 
glycerylphosphoryl)~L-a-glycerol; ni3 1.4705, [oL]:’ +2.0” in chloroform 
(c = lo), [01]i2 +2.35” in 99 per cent ethanol (c = 11). On titration in 
aqueous emulsion, by the method of Fleury, the compound consumed per 
mole, 1.02 moles of periodic acid. It was found to be highly soluble at 
room temperature in methanol, ethanol, acetone, chloroform, glycol mono- 
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methyl ether, diethyl ether, petroleum ether, or benzene, but insoluble in 
water, with which it readily forms a stable emulsion. 

C12H10010P (775). Calculated. C 65.07, H 10.27, P 4.00, iodine No. 65.5 
Found. “ 64.86, “ 10.20, “ 4.03, “ ” 64.0 

Recovery of Oleic Acid-A solution of 289.0 mg. of (dioleoyl-n-a-glyceryl- 
phosphoryl)-n-a-glycerol in a mixture of 25 ml. of ethanol and 25 ml. 
of a 2 N aqueous solution of potassium hydroxide was boiled under reflux 
for 6 hours. The solution was then concentrated to approximately one- 
half of its volume by distillation under reduced pressure, and the con- 
centrate was acidified with 7 ml. of 10 N sulfuric acid. The oleic acid 
was extracted with four 25 ml. portions of petroleum ether (b.p. 30-60”), 
the combined extracts were evaporated in a stream of nitrogen at a bath 
temperature of 50-60”, and the oleic acid was determined by alkali titration 
with thymol blue as indicator (12). Oleic acid calculated, 210.6 mg. ; 
found, 210.3 mg. (99.8 per cent of theory). 

(Distearoyl-~-~-Glycerylphosphoryl)-L-cu-Glycerol (IX)-A solution of 
4.0 gm. of (dioleoyl-L-a-glycerylphosphoryl)~L-a-glycerol in 60 ml. of 99 
per cent ethanol was placed in an all-glass reduction vessel, 0.4 gm. of 
platinic oxide (Adams’ catalyst”) was added, and the mixture was shaken 
in an atmosphere of pure hydrogen3 under an initial pressure of approxi- 
mately 50 cm. of water until the consumption of hydrogen ceased, about 
20 minutes being required. The apparatus was flushed with nitrogen, 
the saturated phosphatidyl glycerol was brought into solution by placing 
the reaction vessel in a bath of warm water, and the catalyst was removed 
by centrifuging the warm solution. The catalyst was washed twice 
with small portions of warm ethanol, and the combined ethanolic solutions 
were placed in an ice box to crystallize. The mixture was filtered with 
suction on a Buchner funnel, and the solid material, weighing 3.9 gm. (97 
per cent of theory), was recrystallized from 40 ml. of anhydrous acetone, 
giving 3.7 gm. (92.0 per cent of theory) of (distearoyl-n-cY-glycerylphos- 
phoryl)-n-a-glycerol (IX) ; m.p. 66.5-67.0”, [cY]~’ i-2.0” in chloroform 
(c = 10). The substance, which was free of potassium,4 was found to 
be highly soluble at room temperature in chloroform or benzene and in 
warm methanol, ethanol, acetone, glycol monomethyl ether, ether, or 
petroleum ether. 

C,rHaaOroP (779). Calculated. C 64.75, H 10.74, P 3.97 
Found. “ 64.73, “ 10.81, “ 3.90 

* The catalyst was prepared as described by Adams, Voorhees, and Shriner (13), 
except that the sodium nitrate was replaced by an equimolecular amount of potas- 
sium nitrate. 

3 Electrolytically produced hydrogen was used. 
4 A possible contamination introduced by Adams’ catalyst. 
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SUMMARY 

A procedure has been developed for the synthesis of a-phosphatidyl-cu- 
glycerols, permitting the preparation of all four stereoisomers. The 
synthesis of (dioleoyl-L-cr-glycerylphosphoryl)~L-a-glycerol from ~-a, p- 

diolein and n-acetone glycerol via isopropylidene(dioleoyl-L-cu-glyceryl- 
phosphoryl)-L-cr-glycerol, and the catalytic reduction of the unsaturated 
phosphatidyl glycerol to (distearoyl-L-ar-glycerylphosphoryl)-L-Lu-glycerol 
are described in detail. 

This work was assisted with funds allocated by the Province of Ontario 
under the National Health Grants Program of the Department of National 
Health and Welfare, Ottawa. 

BIBLIOGRAPHY 

1. Baer, E., J. Biol. Chem., 189, 235 (1951). 
2. Baer, E., J. Biol. Chem., 198, 853 (1952). 
3. Baer, E., and Buchnea, D., Cunad. J. Biochem. and Physiol., 36, 243 (1958). 
4. Baer, E., Biochem. Preparations, 2, 31 (1952). 
5. Sowden, J. C., and Fischer, H. 0. L., J. Am. Chem. Sot., 63, 3244 (1941). 
6. Howe, R. J., and Malkin, T., J. Chem. Sot., 2663 (1951). 
7. Baer, E., and Buchnea, D., J. Biol. Chem., 230, 447 (1958). 
8. Baer, E., and Fischer, H. 0. L., J. Am. Chem. Sot., 61, 761 (1939). 
9. Baer, E., and Fischer, H. 0. L., J. Biol. Chem., 128, 491 (1939). 

10. Baer, E., and Fischer, H. 0. L., J. Biol. Chem., 136, 321 (1940). 
11. Pangborn, M. C., J. Biol. Chem., 168, 351 (1947). 
12. Stetten,D., Jr., and Grail, G. F., Ind. and Eng. Chem., Anal. Ed., 16, 366 (1943). 
13. Adams, R., Voorhees, V., and Shriner, R. L., Org. Syntheses, ~011. 1, 463 (1948). 
14. Benson, A. A., and Maruo, B., Biochim. et biophys. acta, 27, 189 (1968). 


