
YOL. 26 608 NOTES 

nate. The product was twice washed by suspension in cold 
acetone and finally oven dried; yield, 247 g. (64%), m.p. 
128-134'. After two crystallizations from ethanol the m.p. 
was 135-136'. 

Anal. Calcd. for C17HleN208: N, 8.13; S, 9.31. Found: 
N, 7.82; S, 9.28. 

The reaction mixture from which the aforementioned 
salt had been filtered, together with the acetone washings, 
was diluted with ten to fifteen volumes of water to precipi- 
tate 40 g. of Zacetylaminonaphthale~e. After crystalliza- 
tion from ethanol, this amide melted a t  133-134" and did 
not depress the melting point when mixed with authentic 
2-acetylaminonaphthalene. 

(b)  2-Acetylamin~l-naphthalenesulfonic aeid (11). When 
pyridine (87 ml.) was added to a suspension of Zamino- 
1-naphthalenesulfonic acid (158 g.) in acetic anhydride (190 
ml.), considerable heat was generated and all of the solid 
dissolved. The mixture was heated to reflux for 1 hr. and 
then 36% hydrochloric acid (480 ml.) was added with 
efficient cooling of the reaction mixture in order to minimize 
elimination of the sulfonic acid group. Upon standing in the 
cold the solution deposited 118 g. (63%) of I1 as a white 
powder of suitable purity to be directly halogenated. Dilu- 
tion of the filtrate with water caused precipitation of varying 
quantities of Zacetylaminonaphthalene. 

Although the 2-acetylamino-1-naphthalenesulfonic acid 
ww not successfully recrystallized without decomposition, 
a sample was prepared for analysis by solution in the mini- 
mum quantity of cold water and precipitation with 36% 
hydrochloric acid. The sample was then dried in vacuo over 
solid potassium hydroxide. 

Anal. Calcd. for C12H11N04S: S, 12.08. Found: S, 11.62. 
2-Acetyhmino-1-chloronaphthah (111) was instantane- 

ously precipitated when 250 ml. of water saturated with 
chlorine at room temperature was poured slowly, with stir- 
ring, into a solution of 5 g. of 2-acetylamino-1-naphthalene- 
sulfonic acid (11) in 200 ml. of water. After 10 min. the 
precipitate was collected, washed with water and with 
potassium bisulfite solution, and again with water. The dried 
material (3.5 g.. 85%) melted a t  143-147'. Crystallization 
from absolute ethanol raised the m.p. to 146-147", which was 
not depressed when authentic 2-acetybmino-1-chloronaph- 
thalene, prepared by the method of Franzen and Stauble4 
was admixed. 

When the pyridinium salt of I1 was chlorinated in ex- 
actly the same manner as for the free acid, Zacetylamino-l- 
chloronaphthalene was again obtained in 85'30 yield. 

2-Acetyhmino-1-brmoaphthlene (IV) was precipitated 
in quantitative yield when a solution of bromine (&lo% 
excess) in acetic acid (15 ml.) and water (1 ml.) was added 
slowly at room temperature, with stirring, to a solution of 
2-acetylamino-1-naphthalenesulfonic acid I1 ( 10 g.), or an 
equivalent weight of the pyridinium salt of 11, in water (200 
ml.). Recrystallization from absolute ethanol readily gave 
IV in colorless needles, m.p. 140-141', which did not de- 
press the melting point of authentic IV prepared by the 
method of Langenbeck and Holscher.6 

8-Acetylamino-1-wdonaphthahe (V) was obtained in 
exactly the same manner (80% yield) by addition of iodine 
monochloride (7 g.), dissolved in a mixture of acetic acid (20 
ml.) and water (3  ml.), to a solution of I1 (10 g.), or an 
equivalent weight of the pyridinium salt in water (200 ml.); 
m:p. 155-162'. Recrystallization from absolute ethanol 
raised the melting point to 163O, which was not depressed 
by admixture of authentic V prepared by the method of 
Willstaedt and Scheiber.* 

I-Bromo-2-(&thenoyl)naphthahe (VII). ZAcetylamino- 
1-bromonaphthalene (IV) was hydrolyzed9 and the resulting 
amine was converted to 1-bromo-2-naphthoic acid by the 
method of Boyes, Grieve, and Rule.10 The acid chloride 
(VI) was formed when a mixture of 145 g. of 1-bromo-% 
naphthoic acid and 290 g. of thionyl chloride was allowed to 
stand for 24 hr. a t  room temperature. Evaporation under 
reduced pressure and crystallination of the residue once from 

heptane gave 147 g. (95%) of material of sufficient punty 
for the subsequent Friedel-Crafb reaction. 

Anhydrous stannic chloride (26 9.) was added dropwise, 
during a period of 30 min., to a stirred mixture of l-bromo- 
Znaphthoyl chloride (VI, 27 g.), thiophene (8.4 g.) and 
benzene (100 ml.) maintained at a temperature of 10'. 
After being stirred for 2 hr. the mixture was hydrolyzed with 
ddute hydrochloric acid. Evaporation of the organic layer, 
which had been washed with aqueous sodium carbonate, 
left a residue which crystallized from ethanol to give 26.5 
g. (83%) of l-bromo-2-(Zthenoyl)naphthalene (VII), m.p. 
95-96'. 

Anal. Calcd. for C1&13rOS: Br, 25.20; S, 10.11. Found: 
Br, 25.42; S, 10.51. 

An oxime of VI1 crystallized from ethanol, m.p. 191-192'. 
Anal. Calcd. for C1&hBrNOS: N, 4.22. Found: N, 4.25. 
d-(d-Thaoyl)-l-naphUlaitn'b (VIII) was prepared by 

heating a mixture of VI1 (5  g.), cuprous cyanide (1.6 g.), 
and pyridine (15 ml.) to reflux for 16 hr. in an atmosphere of 
nitrogen. The nitrile (3.3 g., m.p. 128-132') obtained by 
diluting the reaction mixture with water and extracting 
with ether was crystallized from aqueous ethanol or from 
a mixture of benzene and petroleum ether; yield, 2.6 g., 
m.p. 131.5-132.5'. 

Anal. Calcd. for Cl6HPNOS: C, 72.98; H, 3.44; N, 5.32. 
Found: C, 73.14; H, 3.31; N, 5.31. 

The nitrile (VIII, 9.5 g.) hydrolyzed slowly when heated 
to reflux with sulfuric acid (20 g.), water (260 ml.), and 
ethanol (280 ml.). After a reflux period of 6 days a 62% 
yield of ~ - ( ~ y l ) - l - n a p h h i c  acid (IX) was obtained by 
distilling the ethanol and extracting the residual mixture 
with benzene. The benzene solution was extracted with 10% 
aqueous sodium carbonate and acid IX was precipitated by 
acidification of the alkaline solution; m.p. 155-157'. Re- 
crystallization from acetic acid raised the melting point to 
that reported by Sandin and Fieser.' 

l-(d-ThenqZ)-%naphi& acid (X). A mixture of 1,s 
naphthalic anhydride (10 g.), thiophene (4.2 g.), and carbon 
disulfide (100 ml.) was heated on a steam bath and stirred 
vigorously while anhydrous aluminum chloride (11.4 g.) 
was added in small portions over a period of 2 hr. The mix- 
ture was heated for 2.5 hr., then cooled, and the carbon 
disulfide layer was decanted. Hydrolysis of the residue with 
ice and hydrochloric acid yielded a crude organic acid that 
was purified by crystallization of the sodium salt as de- 
scribed by Sandin and Fieser.1 The only isomer obtained 
was 1-(2thenoyl)-2naphthoic acid (X), m.p. -222"; 
yield, 3.8 g. (27%). 
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Recent investigation in this laboratory has 
demonstrated a pronounced effect of synthet.ic 
lecithin on blood cholesterol levels. This lecithin 
also has shown definite ability to dissolve experi- 
mentally produced atheromatous plaques in rabbits' 
aortas. Consequently, it became desirable to  
extend the investigations to related substances 
such as glycerylphosphorylcholine. 
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From several methods available for the prepara- 
tion of this we first chose the Baer and 
Kates procedure.4 This procedure, although yielding 
the pure glycerylphosphorylcholine, was found to 
be cumbersome, costly, and time consuming for 
the preparation of the relatively large quantity re- 
quired. The development of a new and more prac- 
tical procedure for the synthesis of racemic a- 
glycerylphosphorylcholine was, therefore, under- 
taken. The procedure reported in this paper utilizes 

products of  metabolism.'^ lo The procedure illus- 
trated in the reaction scheme is as follows: The 
D, L-a-acetone glycerol (I) was phosphorylated 
with monophenylphosphoryl dichloride in the 
presence of dry quinoline and anhydrous and eth- 
anol-free chloroform in a cold bath at the tempera- 
ture of -10'. The reaction mixture consisting of 
acetone-D,L-a-glycerylphenylphosphoryl chloride 
(11), bis(acetone-D,L-a-glyceryl) phenylphosphate 
(111), and monophenylphosphoryl dichloride was 
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monophenylphosphoryl dichloride first described 
by Jacobsen6 and later widely adopted by Baer 
and his co-workers to the syntheses of optically 
active phosph0lipids6-~ and their biological end 
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further esterified with choline chloride in the 
presence of a large excess of dry pyridine and 
anhydrous, ethanol-free chloroform. The isolation 
of acetone -D,L-a-glycerylphenylphosphorylcholine 
chloride (IV) from the reaction mixture was ef- 
fected by virtue of its insolubility in ethyl ether and 
solubility in water and alcohol. The protective 
phenyl-, acetone, and chloride was removed by 
hydrogenolysis in the presence of platinum cata- 
lyst, acid hydrolysis, and silver carbonate treat- 
ment, respectively. Drying the residue to a con- 
stant weight over phosphorus pentoxide yielded 
D,L-a-glycerylphosphorylcholine which crystallized 
readily from absolute ethanol with periodic 
addition of anhydrous ethyl ether. The crystalline 
D,L-a-glycerylphosphorylcholine melted at  159- 

(10) E. Baer and H. C. Stancer, J. Am. Chem. Soc., 75,  
4510 (1953). 
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160'. This procedure is equally suited for the prepa- 
ration of L-a-glycerylphosphorylcholine and D- 
a-glycerylphosphorylcholine. The racemic a- 
glycerylphosphorylcholine has been obtained in a 
crystalline form and in an overall yield of 53.5%. 

EXPERIMENTAL 

Acetone-n,cu-glycerylphenylphosphorylcholine chloride ( IV) 
(a). Phosphorylation. Into a dry two-necked 200-ml. round 
bottomed flask equipped with ground glass joints, magnetic 
stirrer, calcium chloride tube, and a dropping funnel were 
placed 0.063 mole (13.29 g.) of double-distilled mono- 
phenylphosphoryl dichloride' and 10 ml. of anhydrous, 
ethanol-free chloroform. The flask was immersed in a water- 
bath ( -5')  and 0.063 mole (8.5 9.) of freshly prepared D,G 
a-acetone glycerolll in 10 ml. of anhydrous, ethanol-free 
chloroform and 0.063 mole (8.1 g.) of anhydrous synthetic 
quinoline1* was added dropwise in the course of 30 min. 
to the vigorously stirred phosphorylating mixture. After 
the last drop of acetone glycerol was added, the cold bath 
was removed and the'stirring was continued for 15 min. 
a t  room temperature 25' and for 20 min. in the water bath 
a t  35'. At the end of this period the water bath was removed 
and a mixture consisting of 0.126 mole (10.0 9.) of anhydrous 
pyridine" and 35 ml. of anhydrous, ethanol-free chloroform 
was added gradually in the course of 30 min. to the vigorously 
stirred reaction mixture. This was followed immediately by 
the addition of 0.063 mole (8.8 g.) of choline chloride 
(freshly recrystallized from 99% ethanol)." The reaction 
mixture, protected from moisture, was allowed to stir for 
a period of 16 hr. at room temperature (24-26'). 

( b). Isolation of acetone-D,mr-glycerylphenglphosphoryG 
choline chloride. The reaction mixture was brought to dry- 
ness under reduced pressure at a water bath temperature 
of 40'. The oily residue was then placed into 100 ml. of 
distilled water and suspended quinoline was removed in a 
separatory funnel. The aqueous solution then was neutral- 
ized to litmus paper by the addition of solid sodium bicar- 
bonate and the liberated quinoline and pyridine removed by 
ether extraction. Two 50-ml. portions of anhydrous ethyl 
ether was used. The clear aqueous solution was concen- 
trated under reduced pressure and a t  a water bath tempera- 
ture not exceeding 40'. The last traces of water were re- 
moved by keeping the residue over phosphorus pentoxide 
in v a m  desiccator of 0.25 111111. for a period cf 18 hr. The 
residue then was extracted at room temperature (27') 
with three 60-ml. portions of methanol and anhydrous 
ethyl acetate16 mixture (1:9) and the combined extracts 
were brought to dryness under reduced pressure a t  a water- 
bath tcmperature not exceeding 40'. If at this time the oil 
still contained solid material, the treatment with methanol 
and ethyl acetate was repeated. The acetone-D,car-glyceryl- 
phenylphosphorylcholinf: chloride, after drying in vacuo 
(0.25 mm.), weighed 23.63 g. (92.0%). The nearly colorless 
oil was found to be readily soluble in water, ethanol, meth- 
anol, acetic acid, and chloroform; moderately soluble in 
benzene, carbon tetrachloride, and ethyl acetate; and 
insoluble in ethyl ether, acetone, and petroleum ether. 

Anal. Calcd. for C,PHPOO~NPCI (409.89): C, 49.82; H, 

(11) M. Newman and M. Renall, J .  Am. Cheni. Soc., 67,  
1621 (1945). 

(12) Synthetic quinoline and barium oxide were shaken 
for eight hours and the quinoline distilled i n  vacuo. 

(13) An ACS grade pyridine waa refluxed over barium 
oxide and distilled with the exclusion of moisture. 

(14) The powdered choline chloride waa dried in the 
vacuum drying pestle over phosphorus pentoxide (0.20 mm.). 

(15) Commercial ethyl acetate t,ends to dissolve inorganic 
sodium salts. It was dried over anhydrous potassium car- 
bonate for forty-eight hours. 

7.13; N, 3.41; P, 7.56. Found: C, 49.13; H ,  7.15; N, 3.26; 
P, 7.41. 

D , c a - G l y c e r y l p h o s p h o y ~ ? i o l i ~ .  Removal of protective 
phenyl--, acetone and chloride. groups (IV). The acetone 
compound of D,ca-glycerylphenylphosphorylcholine chlo- 
ride (22.8 g.) was dissolved in 200 ml. of 99% ethanol and 
placed in a polyethylene bottle together with 4.0 g. of 
platinic oxide (Adam catalyst). The mixture was shaken 
vigorously in an atmosphere of pure hydrogen at room tem- 
perature and a t  an initial pressure of 42 cm. of water until 
the absorption of hydrogen had ceased. In about 4 hr., 
5000 ml. of hydrogen were consumed. The hydrogen was 
replaced by nitrogen and tlie hydrogenation mixture freed 
from the platinum catalyst by gravity filtration.16 After 
washing the catalyst with 20 ml. of 99% ethanol, the com- 
bined ethanol filtrate and washing waa concentrated to dry- 
ness under the reduced pressure and a t  a water bath tem- 
perature not exceeding 40'. The residue (approximately 
19 g.), dissolved in 400 ml. of distilled water and diluted 
to pH 1.45 by the addition of distilled water (200 ml.), 
was permitted to stand a t  room temperature (25') for a 
period of 2 hr. To remove the protective chloride ions, 7.6 
g. of silver carbonate was added and vigorously stirred 
until no precipitation of silver chloride occurred on the addi- 
tion of silver nitrate to a small specimen of the reaction 
mixture. The silver salts were removed by filtration; the 
soluble silver ions were removed by passing hydrogen 
sulfide gas, followed by filtration. The combined aqueous 
filtrate and washing were brought to dryness at a reduced 
pressure in a 35-40' water bath. In  order to remove the last 
traces of water the colorless oil was placed in vacuo (0.25 
mm.) desiccator over fresh phosphorus pentoxide and kept 
there until a constant weight was reached. The glass-like 
substance, weighing 14.2 g., was dissolved in 20 ml. of warm 
(40 to 50') 99% ethanol and precipitated by the gradual 
addition of 250 ml. of ethyl ether. The mother-liquor was 
decanted and the oily residue dried in vacuo over phosphorus 
pentoxide to a constant weight (13.8 g.). The D,ca-glyceryl- 
phosphorylcholine was obtained in colorless crystalline 
form by recrystallizing it from 95 ml. of hot (70 to 80') 
99% ethanol and the periodic addition of ethyl ether to 
speed up crystallization; yield 9.2 g. (66.5% yield from 
acetone-n,ca-glycerylphenylphosphorylcholine chloride or 
63.5y0 overall yield). The synthetic diester is a crystalline 
substance which is readily soluble in methanol, ethanol, 
and water, and insoluble in benzene, ethyl ether, petroleum 
ether, acetone, or carbon disulfide, m.p. 159-160°.17 

Anal. Calcd. for C8HzzO~NP (275.2): C, 34.90; H, 8.00; 
P, 11.27; N, 5.09. Found: C, 34.72; H, 8.09; P, 11.32; N, 
5.04. 

Acknowledgment. This work has been supported 
by grants from the United Health Foundation of 
Greater Elyria and the Medina County Chapter 
of the American Heart Society. The authors wish 
to express their sincerest thanks to both of these 
organizations. We wish also to thank Dr. Robert G. 
Thomas, Director of Laboratories, Elyria Memorial 
Hospital, for the reading and correcting of this 
manuscript, and Mr. Martin Kunstman for pre- 
paring some of the starting materials. 

DEPARTMENT OF RESEARCH 
ELYRIA MEMORIAL HOSPITAL 
ELYRIA, OHIO 
(16) Special precautions must be exercised at this stage 

to prevent ignition of the alcohol by the platinum catalyst. 
At no time should the platinum catalyst be allowed to dry 
in the air. 

(17) Determined on the glass slide using Fisher's melting 
point apparatus and long-stem thermometer with a range 
of 300 O. 


