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Reductive Cleavage of the Glycerylphosphorylcholine Linkage 
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Reduction of egg yolk lecithin with lithium 

aluminum hydride under mild conditions, using 

one-molar excess of the hydride at 10•Ž for 

20 min., gave rise to L, ƒ¿-glycerylphosphoryl-

choline,1) the optical purity of which was con-

firmed later by van Deenen et al.2) During the 

course of this study it was observed that the 

choline moiety of the lecithin and of glyceryl-

phosphorylcholine molecules was released, to 

an extent of 20% in the case of the latter com-

pound, on either raising the temperature or 

prolonging the reaction time. It would be of 

interest, therefore, to investigate this reaction 

further to see whether optically pure L, ƒ¿-gly-

cerylphosphoric acid is produced under ap-

propriate reaction conditions. 

The difficulty of reducing the phosphoryl 

group with lithium aluminum hydride has been 

reported by Freeman and Doak.3 Further-

more, in the literature are found the observa-

tions that neither the sulfonyl group of 2-

(ethylsulfonyl)ethanol4) nor the nitro group

of methyl 4-nitropentanoate5) are reduced with 
this reagent under mild conditions. It may 
be assumed, therefore, that these phosphorus, 
sulfur, and nitrogen atoms, which are shielded 
with oxygen atoms of higher electron densities, 
form complexes less readily with AlH4- or 
AlH3.6),* In the lecithin molecule, however, 
the choline moiety may offer a site for such 
a coordination with either species, as we have 
suggested earlier1) (Fig. 1). This suggestion 
was based on the fact that at least one extra 
mole of lithium aluminum hydride, over that 
required theoretically, had to be used for 
reductive cleavage of the two fatty acid ester 
groups of the lecithin molecule ; the extra 
amount of the reagent was assumed to be 
consumed for complexing with the choline 
nitrogen. This may be supported in part by 
the fact that amines form complexes quite 
readily with aluminum hydride at low tem-
peratures.7,8)

* Present address : Department of Agriculture Chemi-
stry, Osaka City University, Sakai, Osaka. 

1) C. Urakami, H. Okura and M. Okada, This Bulletin, 
33, 144 (1960). 

2) G. H. De Haas and L. L. M. Van Deenen, Tetrahedron 
Letters, 22, 7 (1960). 

3) L. D. Freeman and G. O. Doak, Chem. Revs., 57,479 
(1957). 

4) O. Exner,:Chem. Listy, 47, 869 (1953).

5) H. Feuer and T. J. Kucera, J. Am. Chem. Soc., 77, 
5740 (1955). 

6) N. L. Paddock, Nature, 167, 1070 (1951). 
* Paddock suggested the following equilibrium in an 

ether solution of lithium aluminum hydride : A1H4-
;→←AlH3+H-

7) E. Wiberg and H. Noth, Z. Naturforsch., 10b, 237 
(1955). 

8) J. K. Ruff and M. F. Hawthorne, J. Am. Chem. Soc., 
83, 535, 1798 (1961).



1082 Haru KAMEYAMA and Chieko URAKAMI [Vol. 38, No. 7

Fig. 1

There are three possible sites for cleavage 

by the reducing agents; (a), (b) and (c) as 

shown in Fig. 1. A carbon-oxygen fission (a) 

has been suggested previously1) as the most 

favored one since the hydride ion may readiy 

attack the ƒÀ-carbon which is more electro-

positive than the ƒÁ-carbon atom of the glyceryl 

moiety owing to the inductive effects of both 

the phosphoryl and quaternary ammonium 

groups. The products of such a cleavage would 

be ethyltrimethylammonium ion and ƒ¿-glyceryl-

phosphoric acid. A fission at (b), on the other 

hand, would give choline and a reduced form 

(or forms) of glycerylphosphoric acid. This 

cleavage may be brought about either by 

complexing of the hydride reagent with the 

ammonium nitrogen as just mentioned, or 

with the phosphorus atom, followed by attack 

of hydride ion on the phosphorus atom. The 

latter mechanism may also bring about a 

cleavage at (c), giving rise to glycerol and 

reduced forms of phosphorylcholine. It is less 

likely, however, that the cleavages proceed 

through a complex formation with the phos-

phorus atom under the mild conditions being 

considered in the present study. 

Since this reaction had been found to be 

quite sensitive to reaction temperature and 

mole ratios of the reactants, care was taken 

in controlling these two factors ; the tempera-

ture was kept in a range of 10-15•Ž and mole 

ratios were raised from four to fifteen moles 

of the reducing reagent per mole of lecithin 

depending on the extent of cleavage of the 

choline moiety. 

However, the results obtained were contrary 

to those expected. Instead of a carbon-oxygen 

fission, a phosphorus-oxygen fission occurred 

with the formation of choline and reduced 

forms of the phosphate group. 

Experimental 

Lecithin.-The sample of hydrogenated egg yolk 

lecithin was prepared according to Hanahan's 

method9) after purifying the crude material through 

a column of alumina with the solvent system of 

Rhodes and Lea.10) The product was recrystallized

twice from warm dioxane. This sample showed an 

R f value of 0.67 according to the method of Lea,11) 

phosphorus : choline=1.0:0.95 (calculated as di-

stearoyl lecithin). Another sample without hydro-

genation was prepared according to the method 

described by Nelson.12) 

Dr ƒ¿-Glycerylphosphorylcholine.-This compound 

was synthesized by the method of Baer and Kates.13) 

The free base was liberated from its cadmium 

chloride complex by passing its aqueous solution 

through columns of Amberlite IRC-50 and Dowex-3. 

Barium ƒ¿-GIyceryl phosphate.-The calcium salt 

procured from Delta Chemical Works, Inc. (New 

York) was purified by adsorption chromatography 

on a small column of alumina and converted to 

the barium salt.14) The sample was thoroughly 

dried for infrared analysis. 

Choline Chloride Reineckate.-This was prepared 

for infrared analysis, by a modification of the 

method used for estimation of choline, and dried 

over phosphorus pentoxide in a vacuum tube for 

24 hr. at the boiling temperture of acetone. The 

free base released by the reduction was treated 

similarly. 

Estimation of Choline.-The base released on 

reductive cleavage and the choline in glycerylphos-

phorylcholine were determined according to 

Schmidt's method,15) and that in lecithin by Glick's 

method.16) 

Determination of Phosphorus.-Organic samples 

were digested by the conventional method using 

ION sulfuric acid solution and a few drops of 

hydrogen peroxide and the inorganic phosphorus 

released was determined according to the method 

of Ernester and his co-workers.17) Phosphorus in 

the products formed on cleavage was also determined 

by Burmaster's method.18)

α-Glycol.- The periodate oxidation method de-
scribed by Voris19) was used. 

Paper Chromatography.-Paper chromatography 
for deacylated glycerylphosphatides and the cleaved 
phosphorus-containing product(s) was carried out 
according to Wheeldon's method,20) using acid-
washed Toyo No. 51 paper and water-saturated 
phenol containing 10/a ammonia as the developing 
solvent system. The phosphatide samples prepared 
were examined by both Lea's method11) and Mari-
netti's,21) using Toyo No. 51 paper impregnated 
with silicic acid in conjunction with the solvent 
systems of chloroform-methanol (4: 1, v/v) and di-
isobutylketone-acetic acid - water (40:20:3, v/v/v).

9) D. J. Hanahan and M. E. Jayko, ibid., 74, 5070 
(1952). 
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21) G. V. Marinetti, ibid., 3, 4 (1962).
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(1952). 
10) D. N. Rhodes and H. C. Lea, Biochem. .7., 65, 526 
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TABLE I. RECOVERY OF THE WATER-SOLUBLE PRODUCTS SEPARATED BY AMBERLITE IR-112 (H)

* Ch stands for choline and GPC for glycerylphosphorylcholine .

Reaction with Lithium Aluminum Hydride.-The 
procedure employed for the reaction was essentially 
the same as that described previously,1) except that 
a small amount of chloroform was used to dissolve 
the sample of hydrogenated lecithin. The reaction 
mixture was made acidic with 2-3 ml. of a ION 
sulfuric acid solution, the organic phase separated 
from the aqueous phase, and each made up to a 
known volume. The former was analyzed for total 
phosphorus and the latter for total phosphorus and 
choline, both in free and ester-bound form. For 
separation of the individual components of the 
water-soluble products, the aqueous phase separated 
without the acid treatment was passed through a 
column of Amberlite IR-112 (H), and collected 
eluate a was made up to a known volume for 
analysis of phosphorus and choline. The column 
was then washed with a sufficient amount of a 
normal hydrochloric acid solution to give eluate b, 
which was made up to a known volume and analyzed 
for free choline. 

Since good separation with a minimum loss of 
each component was achieved as shown in Table I, 
this procedure was employed for isolation of the 
products. The free base in eluate b was converted 
to the reineckate salt as mentioned earlier. Eluate 
a (pH 2.4) contaning both glycerylphosphoryl-
choline and the cleaved phosphorus-containing product 
was passed through a column of Amterlite IR-4B 
(OH). The glycerylphosphorylcholine which came 
through was converted to its cadmium chloride 
complex and recrystallized. The average recovery 
of glycerylphosphorylcholine, based on analysis for 
phosphorus, was 95%. The column was then washed 
with a sufficient amount of a 0.28% solution of 
ammonia to elute the phosphorus-containing product. 
The last procedure, when tested with the sodium 
salt of glycerylphosphoric acid, gave an almost quan-
titative recovery of phosphorus. The eluate was 
concentrated under mild conditions and the residue 
treated with barium hydroxide. The barium salt 
was recrystallized several times from water and 
alcohol. These isolated products were dried over 
phosphorus pentoxide in a vacuum desiccator. 

Results 

The Cadmium Chloride Complex of the 
Isolated Glycerylphosphorylcholine.-Sample wt. 
29 mg. Found : total choline 8.0 mg. (0.066 
mmol.); total phosphorus 1.4 mg. (0.045 mmol.);
α-glycol 0.067 mmol. Calcd.: choline, phos-

phorus and a-glycol 0.063 mmol. Rf value was

0.84 for the isolated sample; 0.84 for the syn-
thetic sample of DL-glycerylphosphorylcholine. 

The Reineckate Salt of the Free Base.-
Found: C, 25.88; H, 4.80; N, 24.57; Cr, 14.60. 
Calcd. for choline reineckate, C5H14N[(NH3)2-
Cr(CNS) 4] , mol. wt. 422.58: C, 25.60; H, 4.76, 
N, 23.20; Cr, 14.00%. The infrared absorption 
spectrum of the salt was found to be identical 
with that of the reineckate salt of choline, 
both showing an absorption band at 1080-
1075 cm-1 for the C-OH stretching vibration 
of the primary alcohol group. 

The Phosphorus-containing Products. - See 
Table III for the analytical results and Table 
IV for the characteristic infrared absorption 
bands.

Discussion 

The maximum extent of cleavage of the 

choline ester linkage appeared to be about 

50% as shown in Table II and beyond this 

extent a loss of the water-soluble phosphorus 

was observed in separate experiments, perhaps 

due to further degradation to phosphine.23) 

Since it is reasonably certain that this cleavage 

proceeds via L, ƒ¿-glycerylphosphorylchloline,1) 

TABLE II. ANALYTICAL RESULTS OF THE 

REACTION PRODUCTS OF EGG YOLK 

LECITHIN WITH LiAIH4 AT 10•Ž

* L : Hyd
. denotes lecithin : lithium alumi-

num hydride. 

** At 20•Ž

22) E. Baer and H. O. L. Fischer, J. Biol. Chem., 128, 
491 (1939). 
23) P. Karrer and E. Jucker, Hely. Chim. Acta, 35, 1586 

(1952).



1084 Haru KAMEYAMA and Chieko URAKAMI [Vol. 38, No. 7 

TABLE III. ANALYSIS OF THE PHOSPHORUS-CONTAINING PRODUCTS ISOLATED 

FROM THE REACTION MIXTURE

A was prepared under the reaction conditions-lecithin : the hydride reagent I : 10, 10•Ž, 
60 min. B 1 : 15, 15•Ž, 120 min. C and D were separated from B by the paper chroma-
tographic technique of Wheeldon.20) a) Ernester's method.17) b) Burmaster's method.18) 
c) The reported value for a saturated solution of the silver salt.22) 

The optical activity of B is so small that it is considered to have no optical activity 
(measured with a Rudolph polarimeter).

TABLE IV. INFRARED ABSORPTION BANDS OF ƒ¿-GLYCERYLPHOSPHORIC ACID AND THE 

PHOSPHORUS-CONTAINING PRODUCTS. cm-1

α-GP means the barium salt of ƒ¿-glycerylphosphoric acid.

(d) Stands for doublet, (sh) shoulder, (w) weak, (br) broad. For A, B and C refer to,, 
Table III. The absorption bands of D were not very distinct due to some impurities and thus. 
omitted.
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its insolubility in anhydrous ether propably 

prevented the reaction from going to comple-
tion. 

The isolation of choline evidently indicates 

that a phosphorus-oxygen fission occurred in 

this cleavage reaction. Such a fission, there-

fore, should be accompanied by reduction of 

the phosphate moiety. This is supported in 

part by the following observations ; the phos-

phorus-containing products isolated differ from
α-glycerylphosphoric acid with respect to

optical activity, behavior on periodate oxidation 

(Table III), and infrared absorption bands 

(Table IV). 

Since the interpretations given for the shift 

in the absorption bands of the P-*O and P-

O-C groups (pentavalent and trivalent phos-

phorus) due to modification of the alkyl 

moiety are still open to discussion, only the 

absorption bands of interest will be pointed 

out here to show differences between the spec-

trum of ƒ¿-glycerylphosphoric acid and those 

of the cleaved products. In the region indi-

cated by I, Table IV, glycerylphosphorylethanol-

amine shows an absorption band at 2910-2860 

cm-1 and glycerylphosphorylcholine at 2865 

cm-1 24) but these have not been correlated so 

far with the groups attached to these molecules. 

One of the characteristic differences between

α-glycerylphosphoric acid and the products is

shown in the region II. Daasch and Smith25) 
have suggested that the absorption band at 1665 
cm-1 is associate with phosphonic acid and thus 
the bands in II may indicate the presence of 
reduced forms of the phosphate group. The 
absorption bands in the regions III and IV are 
common to all the compounds under con-
sideration and the former bands have been 
reported to be associated with the CH2 group.26) 
The characteristic P-O stretching vibration 
in the region V is absent in samples A and 
B but present in C ; its presence in the last 
sample annot be explained but the PO group 
might have been formed on exposure to air 
during its separation and isolation from the 

paper chromatogram. Daasch and Smith,25) 
however, have pointed out that these bands are 
so broadened in the case of phosphonic and 

phosphinic acids that it is difficult to dis-
tinguish them from each other, particularly in 
the spectra of the solid samples. Accordingly, 
A and B may be considered here again to be 
reduced forms of the phosphate. The P-O-C 

(alkyl) group is reported to show absorption

bands in the regions 1163 to 1156 cm-1 and 

1050 to 995 cm-1 26) but the bands (VI and 

VII) appear to be shifted in a-glycerylphos-

phoric acid and the products. Recently, 
Chapman and Harper273 have attributed ab-

sorption bands at 990-980 cm-1 and 875-855 

cm-1 to the P-O-C (alkyl) group in phosphites, 

and Ackerman and his co-workers28) report 

that a band near 794 cm-1 is due to the same 

group in acylphosphonates. Since ƒ¿-glyceryl-

phosphoric acid shows some of these bands 

(VIII), no comments will be made on the 

similar band observed in these products. 

The fact that the characteristic absorption 

bands of A differ from those of B and C may 

indiate that B (or C) is in a more reduced 

state than A, since the reaction conditions 

employed for preparation of B were somewhat 

more drastic than those employed for A (see 

also Table III). The loss of phosphorus ob-

served on raising the temperature might have 

resulted from fission at both (b) and (c), 

Fig. 1, giving rise to phosphine as has been 

observed by Karrer23) during the use of drastic 

conditions. 

Brockerhoff 29) attributed the ease of removal 

of choline in the alkaline hydrolysis of gly-

cerylphosphorylcholine to the following two 

factors; (1) the influence of the quaternary 

ammonium group which can balance in part 

the negative charges on the phosphate oxygens 

and thus facilitates approach of a nucleophilic 

reagent, and (2) the initial attack on the 

phosphorus by the nucleophilic oxygen of the 
secondary hydroxyl group of the glyceryl 

moiety. In the present case, however, ioniza-

tion of the secondary alcohol would be less 

likely in such a medium as anhydrous ether. 

Instead, intramolecular hydrogen bonding 

between the hydroxyl hydrogen of the s-carbon 

of the glyceryl moiety and the P-O oxygen 

atom plus an ionic effect of the quarternary 

ammonium group on the P-O-, or the latter 

alone, probably distort the normal tetrahedral 

bond angles of the phosphorus atom30) in such 

a manner that the central phosphorus atom, of 

large radius, might readily be attacked by 

hydride ion. This may bring about fission at 

the phosphorus-oxygen linkage, (b) in Fig. 1. 

The stronger cationic nature of the phosphorus 

atom, compared with that of the a-carbon of 

the choline moiety, may also play a role in 

this cleavage.

24) E. Baer, D. Buchnea and H. C. Stancer, Jr., J. Am. 
Chem. Soc., 81, 2169 (1959). 
25) L. W. Daasch and D. C. Smith, Anal. Chem., 23, 853 

(1951). 
26) R. N. Jones and C. Sandorfy, "Chemical Applica-

tion of Spectroscopy," Ed. by W. West, Interscience 
Publishers, New York, (1956), pp. 550-551.

27) A. C. Chapman and R. Harper, Chem. Ind., 1962, 
985. 

28) B. Ackerman, T. A. Jordan, G. R. Eddy and D. 
Swern, J. Am. Chem. Soc., 78, 4444, 6026 (1956). 
29) H. Brockerhoff, J. Lipid Research, 4, 96 (1963). 
30) J. R. Van blazer, "Phosphorus and Its Com-

pounds," Vol. 1, Interscience Publishers, New York 
(1958), P. 71.
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Summary 

Reduction of egg yolk lecithins with lithium 

aluminum hydride under the following reaction 

conditions resulted in release of choline in 

about 50% based on the total water-soluble 

phosphorus ; mole ratios of lecithin : lithium 

aluminum hydride of 1 : 10 or 1 : 15 at 10-15•Ž 

for 60-120 min. were used. Unexpectedly, 

the reaction did not give any glycerylphos-

phoric acid. Instead, the analytical results

indicated that a phosphorus-oxygen fission of 
the cholin-phosphate linkage is accompanied 
by reduction of the phosphate moiety. 

The authors are indebted to Shionogi Re-
search Center for measurement of the optical 
rotation of the isolated phosphorus-containing 
compound. 
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