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according to the procedure of Cummins, et aZ.,13 to  yield 1.2 g 
(58 % of theory) of 3,4'-dihydroxyflavone (16a), mp 275-276" 
(liL20 mp 276"), and 670 mg (32% of theory) of 2-hydroxyphen- 
ylbenzofuran-3-carboxylic acid ( 17), decomposing at  211°, 
YC-o 1685 cm-' (lit.lS mp 221", ~ c - 0  1686 cm-l). 
3,4'-DihydroxyT3',5'-dialkylflavones (lab-d). General Pro- 

cedure.-A solution of 0.90 mmole of 2',4-dihydroxy-3,5-dial- 
kylchalcone (8) and 5 ml of 10% aqueous sodium hydroxide was 
cooled to  ice-bath temperature in a 25-ml erlenmeyer flask. A 
3% aqueous solution of hydrogen peroxide (3.4 ml, 3 mmoles) 
w&s added and the reaction mixture was allowed to warm to 
room temperature, let stand for 3 hr, and then poured into cold 
dilute hydrochloric acid. The resulting percipitate was suction 
filtered, water washed, dried, and recrystallized from methanol 
to  give in good yields only the 3,4'-dihydroxy-3',5'-dialkyl- 
flavones"( lab-d) (Table VI). 

The AFO Oxidation of 2',4-Dihydroxy-3,5-di-t-butylchalcone 
(8e) .-A solution of 500 mg ( 1.4 mmoles) of 2',4-dihydroxy-3,5- 
di-t-butylchalcone (8e), 10 ml of 10 % aqueous sodium hydrox- 
ide, and 3 ml of methanol was heated until 8e dissolved, then 
cooled to  0". A solution of 3% aqueous hydrogen peroxide 
(6 ml, 5 mmoles) was added and the mixture was allowed to  
stand overnight a t  room temperature. The work-up according 
to  the previously described procedure without recrystallization 
yielded 350 mg (quantitative) of crude 4-hydroxy-3,S-di-t-butyl- 

(20) A. Edelstein and S. V. Kostanecki, Ber., SS, 1507 (1905). 

benzoic acid (20), pearl-colored flakes, mp 205-215" (lit.21 
mp 217-218'). 

The infrared spectrum (CCla) contained a sharp band a t  3620 
(hindered phenolic); a strong sharp band at  1680 (aromatic acid 
C=O); and a sharp band at  1600 cm-1 (aromatic C=C). The 
nmr spectrum (CDCla) contained sharp singlets a t  1.40 (18 H, 
alkyl CH), 5.63 (1 H, phenolic 0-H), and 7.78 (2 H, aryl CH) 
ppm. The carboxylic acid proton could not be detected. 

The mass spectrum of the crude product a t  high resolution 
and low voltage showed a molecular ion peak at  m/e 250 corre- 
sponding to 20 and about 1 % each of a peak at  m/e 352 (8e or 
ge) and m/e 570.336 (unidentified). 

Registry No.-8a, 13323-66-5; 8b, 2631-01-8; 8c, 
14919-43-8; 8d, 14929-97-6; 8e, 14919-44-9; 9a, 6515- 
37-3; 9b, 2525-91-9; 9e, 14919-46-1; 10, 14919-47-2; 
11, 14919-48-3; 16a, 14919-49-4; 16b, 14919-50-7; 
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Preparations of crystalline lysophosphatidal choline were obtained in good yield from beef heart lecithin 
and physically characterized by means of the molar absorbancy index in chloroform a t  6.02 p and the optical 
rotation a t  various wavelengths in both methanol and chloroform solutions. The infrared absorption spec- 
trum provides conclusive evidence that the choline plasmalogen isolated from sea anemones by Bergmann 
and Lartdowne was an a,p-unsaturated ether and not a cyclic acetal. 

Although lysophosphatidal choline (I) has been used 
in a number of studies, namely, elucidation of the 
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a,p-unsaturated ether structure of plasmalogens,2 in- 
hibition of respiration of ~perrnatozoa,~ detection of 
microsomal lysopla~malogenase,~ lysis of erythro- 
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cytes,3J and studies of the acyl transferase of liver6 and 
erythrocytes,' details of the method of preparation of 
the crystalline compound have appeared only once.3 
In  that report, the yield was poor. Crystalline lyso- 
phosphatidal choline (190 mg) was obtained from 5.2 g 
of beef heart lecithin. KO physical characterization 
of the pure substance mas presented. Lysophos- 
phatidal choline is an important intermediate for sev- 
eral kinds of studies: comparison of its chemical prop- 
erties with those of other a,@-unsaturated ethers and 
comparison of its biochemical properties with those of 
lysophosphatidyl choline (the acyl ester analog) and 
lysophosphatidalkyl choline (the saturated ether ana- 
log). It is the purpose of this paper to report a con- 
venient method of preparation of lysophosphatidal 
choline in good yield and to provide a physical char- 
acterization of the product from its infrared absorp- 
tion spectrum and its rotation in two solvents a t  a 
series of wavelengths. The characterization by in- 
frared absorption has provided conclusive evidence 
that the choline plasmalogen isolated from sea anem- 
ones by Bergmann and Landowne (and reported in 
this journals) was incorrectly designated by them to 
have the structure of a cyclic acetal of glycerol2 and 

(5) E. L. Gottfried and M. M. Rapport, J .  Lipid Res., 4, 57 (1963). 
(6) W. E. M. Lands and P. Hart, Bioehim. Biophys. Acta, 98, 532 (1965). 
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had, indeed, the a,p-unsaturated ether structure of 
lysophosphatidal choline. This evidence eliminates 
the single remaining case in which an acetal structure 
has been reported for naturally occurring aldehy- 
dogenic phosphatides. 

Results and Discussion 
The starting material for the preparation of lyso- 

phosphatidal choline is beef heart lecithin, a lipid frac- 
tion that may be obtained conveniently either by 
chromatographing total beef heart lipids on alumina 
a t  5" or from commercial suppliers (Sylvana Chemical 
Co., Millburn, N. J.). This fraction usually contains 
about 50 % phosphatidal choline, 40% phosphatidyl 
choline, and small amounts of lysolecithin and sphin- 
gomyelin. When this material is saponified under 
mild conditions, the phosphatidyl choline and lyso- 
lecithin are converted to  fatty acid and glycerylphos- 
phorylcholine, the phosphatidal choline is converted to 
lysophosphatidal choline (I), and the sphingomyelin 
is unaffected. These substances can be readily sepa- 
rated by column chromatography on silicic acid. To 
obtain a good yield of lysophosphatidal choline re- 
quires that attention t ) ~  paid to  several details. The 
beef heart lecithin used as starting material should 
have a molar raiio of a$-unsaturated ether to phos- 
phorus that is not less than 0.45 and the content of 
sphingomyelin must be small (less than 10%) as 
judged by thin layer chromatography. Care must be 
exercised in neutralizing the alkaline reaction mixture 
to  avoid a local excess of acid that  may hydrolyze the 
labile enol ether group. Salts must be removed prior 
to column chroniatography by a procedure that will 
restrict losses due to the water solubility of the lyso- 
phosphatide. And finally, chromatography on silicic 
acid must be carried out a t  low temperature (5'). 

Lysophosphatidal clioline, prepared by the method 
described, was chromatographically homogeneous on 
thin layer plates, showing that the preparations were 
uncontaminated by sphingomyelin; analyses for ester 
groups (Table I) showed the absence of lysophospha- 

TABLE I 
AXALYSIS OF LYSOPHOSPHATIDAL CHOLINE PREPARATIONS 

Aldehydo- Aldehydo- Molar 

group8, groupa/P, Ester index 
Prepara- rmole/mg molar groups, ( A d  at  

tion P, 9% of lipid ratio pmole/mg 6.02 IA 

1 6 .17  I . 7 5  0.88 0.00 173 
2 6 . 2 7  1 . 7 2  0.85 0.00 178 
3 6 . 2 0  1 . i 2  0 . 8 6  0.00 174 
4 6 . 3 1  1 . 8 1  0.89 0.00 198 
5 6 . 3 2  1 . 7 5  0 . 8 6  0.00 178 

genic genic abaorbancy 

tidy1 choline. The calculated percentage P for 
preparations with a ratio of palmitaldehyde to stear- 
aldehyde lying between 6.5 and 15 (the values found 
here) is 6.39 to 6.43 for an unhydrated molecule and 
6.15 to 6.19 for a hydrated molecule. The values 
found (Table I) are in agreement with these figures. 
Values for the molar ratio of aldehydogenic chains 
(based on p-nitrophenylhydrazone formation) to  P 
range from 025 to 0.89 (Table I). The best recorded 
value for this ratio in natural products is 0.92.2'9 

(9) E. L. Gottfried and M. M. Rapport, J. B i d .  Chem., 437, 329 (1962). 
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Figure 1.-Infrared spectrum of lysophosphatidal choline. 
Upper curve: 10 mg/ml in chloroform, cell pathlength, 1.0 mm. 
Regions of strong solvent absorption are omitted. Lower 
curve: thin film on sodium chloride plate. 

The infrared absorption spectrum of lysophospha- 
tidal choline in chloroform solution (Figure 1) shows 
a sharp band a t  3600 cm-I (2.78 p)  characteristic of an 
unassociated OH group,l0 a broad band a t  3280 cm-I 
(3.05 p)  corresponding to associated or bonded OH 
groups,lo and a strong band a t  1660 cm-' (6.02 p)  
which is characteristic for the asymmetric stretching 
of the unsaturated ether (1-alkenyl) group." There 
is no absorption in the carbonyl region. The molar 
absorbancy index a t  1660 cm-' for five preparations 
(Table I) indicates that the average value of 180 pro- 
vides a useful physical constant for characterization 
of lysophosphatidal choline. 

Values for the specific rotation of four prepara- 
tions of lysophosphatidal choline at  wavelengths from 
240 to 589 mp show that the rotation is consider- 
ably higher in chloroform solution than in methanol 
(Table 11). No deviations from plain negative ORD 

TABLE I1 
SPECIFIC ROTATION OF LYSOPHOSPHATIDAL CHOLINE 

PREPARATIONS AT VARIOUS WAVELENGTHS 
-[PI at  27' 

Concn. ,---Wavelength, mp---- 
Preparation Solvent % 240 260 300 340 400 500 

1 CHIOH 0.28 58.5 44.5 27.2 18.5 11.8 5.8 
2 0.60 83.5 50.5 29.4 19.8 12.7 7.2 
3 0.78 73.5 46.8 28.5 19.5 12.0 6.0 
4 1.38 104.4 62.3 33.3 21.7 13.9 7.4 
1 CHClt 0.28 110.0 70.5 47.8 30.5 18.7 
2 0.63 121.5 76.5 52.3 31.7 18.3 
3 0.80 132.5 81.0 53.5 32.5 18.8 
4 1.38 47.8 31.2 18.5 

- 
589 
3.8 
5.4 
3.8 
4.5 
14.8 
12.5 
13.8 
13.5 

curves are seen a t  these wavelengths. 
I n  their study of the lipids of the sea anemone, 

Anthopleura elegantissima, Bergmann and Landowne 
reported8 the isolation of an aldehydogenic phos- 
phatide that was characterized as a cyclic acetal of 
glycerol from its infrared absorption spectrum, the 
presence of only one hydrocarbon chain per atom of 
phosphorus, and the very low degree of unsaturation 
(0.24 mole of double bond per atom of P). On the 
basis of this report, the chemical synthesis of this com- 

(10) L. J. Bellamy, "The Infra-red Spectra of Complex Molecules," 2nd 

(11) H. M. Teeter, E. J. Dufek, C. B. Coleman, C .  A. Glasa, E. H. Melvin, 
ed, John Wiley and Sona, Inc., New York, N. Y., 1958. 
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pound with a Cle hydrocarbon chain (1,Z-0-hexa- 
decylideneglyceryl-&phosphorylcholine) was recently 
described.12 However, in their paper Bergmann 
and Landowne characterized their compound as 
one which "rapidly gave a positive Schiff's aldehyde 
test." This behavior is unexpected for cyclic glyceryl 
acetals13 but is a well-recognized feature of a,p-unsat- 
urated ethers.14 The infrared absorption spectrum of 
this aldehydogenic lipid of Bergmann and Landowne 
shows a band of medium strength at  about 5.75 p 
which was not assigned by them.* Rather, the infra- 
red spectrum is described as "notably void of a car- 
bonyl band." As a result of private correspondence 
with both Dr. Bergmann16 and Dr. Landowne,le we 
have been informed that the published spectrum is in 
error and should1 be shifted about 0.3 p to the right 
with regard to the abscissa scale. This would place 
the unassigned band close enough to the band charac- 
teristic of the a,@-unsaturated ether (6.02 p)  to  make 
the presence of this structural feature unambiguous 
and would require the assignment of the lysophos- 
phatidal choline structure to the sea anemone phos- 
phatide. No band a t  this wavelength was found in 
the synthetic acetal choline phosphatide.12 Thus, the 
sole observation which is not accounted for by the un- 
saturated ether structure is the failure of Bergmann 
and Landowne's compound to  add bromine in the anal- 
ysis for unsaturation. Since unsaturated ethers are 
exceedingly labile to acid hydrolysis with loss of the 
unsaturation, inadvertent hydrolysis of the sample by 
an acidic solvent prior to addition of the bromine rea- 
gent would have precluded detection of this structural 
feature. In  the absence of further evidence, it must 
be concluded thak cyclic acetal structures do not con- 
tribute significantly to  the aldehydogenic property as- 
sociated with naturally occurring lipids. 

Experimental Section 

Solvents.-All organic solvents were redistilled before use 
except for the spectral grade chloroform used for optical 
measurements. 

Analytical Methods.-Lipid weights were determined after 
drying in vacuo over Pz05 for 24 hr at  room temperature. 
Phosphorus was determined by  a modification of the method of 
Beveridge and Johnson17 after digestion with perchloric acid. 

(12) G. K. Chacko and E. G. Perkins. J .  Ow. Chem., 82, 1623 (1967). 
(13) M. Anchel and 1-I. Waelsch, J .  B i d .  Chem., 162, 501 (1944). 
(14) M. M. Rapport, B. Lerner, !N. Alonzo, and R. E. Franzl, ibid., 

(15) Dr. W. Bergmann, personal communication, Jan 5, 1959. 
(16) Dr. R. A. Landowne, personal communication, July 7. 1959. 

226, 859 (1957). 

AND RAPPORT VOL. 32 

Aldehydogenic lipids were measured by the p-nitrophenylhydra- 
zone method,'* and unsaturated ethers were measured accord- 
ing to the method of N0rton.1~ Thin layer chromatography 
was carried out as described earlier.5 Ester groups were 
determined according to Rapport and Alonzo.20 

Infrared Spectra.-These were determined with a Perkin- 
Elmer double grating instrument (Model 237), in chloroform 
solution, with a sodium chloride cell of a 1.082-mm light path. 

Optical Rotations.-These were determined with a Cary 
spectropolarimeter (Model 60) in solution in chloroform or 
methanol, with a'cell of a 1-cm light path. 

Beef Heart Lecithin.-This purified phosphatide fraction, 
prepared according to  Pangborn,21 was obtained either com- 
mercially (Sylvana Chemical Co., Millburn, N. J.) or by column 
chromatography on alumina a t  5O.22 

Lysophosphatidal Choline.-To 1.0 g of beef heart lecithin 
dissolved in 444 ml of methanol a t  37" was added 56 ml of 
0.895 N KOH in 95% methanol. The solution was stirred 
mechanically for 30 min in a bath a t  37". After cooling to  
-60°, 9.9 ml of 4.83 N HC1 was added (95% neutralization). 
Then 1000 ml of chloroform and 290 mi of water were added, 
the mixture was well mixed, and the phases were allowed to 
separate at 4' (12 hr).es The upper (aqueous) phase was 
removed and the lower phase was taken to  dryness in  vacuo. 
The residue was dissolved in 50 ml of chloroform-methanol 
(1 : 1 v/v) and contained 55% of the phosphorus in the starting 
material. The lipid was subjected to chromatography a t  4" 
on a column of 100 g of silicic acid (Unisil, 200-325 mesh, acti- 
vated by heating for 12 hr a t  125"). An initial fraction of 
250 ml of chloroform-methanol ( 1 : l )  was collected, then a 
second fraction of 1000 ml of chloroform-methanol ( 1  : 3) was 
taken followed by 40 successive fractions of 50 ml each of 
methanol. The latter were monitored by thin layer chroma- 
tography and those containing lysophosphatidal choline (frac- 
tions 10 to 27) were combined and evaporated to  dryness in 
vacuo to give 275 mg of crude product having P 6.33%. The 
product was recrystallized by dissolving 264 mg in 0.4 ml of 
ethanol with slight warming, adding 4.0 ml of hexane, centri- 
fuging to remove a small quantity of insoluble material, and 
then adding 6.0 ml of hexane. After 2 hr a t  room temperature 
and 12 hr at 4", the crystals were collected by centrifugation 
to give 200 mg of product that  was chromatographically homo- 
geneous when 100 pg was examined by thin layer chromatog- 
raphy. The yield 
based on the phosphatidal choline content of the beef heart 
lecithin was 75%. 
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