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ture. A solution of 11 g. (0.275 mole) of sodium hydroxide
in 40 cc. of water was then added dropwise over a period of
twenty minutes. The stirring was continued for a total of
one hour, and the product was collected by filtration.
The mother liquor was cooled overnight in a refrigerator
and a small additional amount of product was obtained.
The combined crops of the product weighed 13.5 g. (1009%,).
After one recrystallization from ethanol, the methionine
anhydride weighed 10.1 g. (75%) and melted at 226-
227.5°. A mixed-melting point determination with an
authentic sample of methionine anhydride was not de-
pressed. It was of sufficient purity to give dl-methionine
in 85-95%, yields. Direct hydrolysis! of the crude product
gave 10 g. (656%) of crude di-methionine.

Summary
3,6-Bis-(8-chloroethyl)-2,5-diketopiperazine is
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converted quantitatively to the bis-isothiouron-
ium salt by treatment with thiourea in boiling
ethanol.

Treatment of the bis-isothiouronium salt with
dilute alkali, followed by oxidation with air in the
presence of ferric chloride and hydrolysis with
acid, provides a convenient synthesis of homo-
cystine.

Decomposition of the bis-isothiouronium salt
with alkali in the presence of methyl sulfate pro-
duces dl-methionine, This method of converting
the dichlorodiketopiperazine to dl-methionine is
superior to that previously described.
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Metabolism of Phosphoryl Choline. I.

Synthesis of Calcium Phosphoryl Choline

Chloride Containing the Radioactive Isotope, P*?!

By RicaHarDp F. RiLEY

Although monophosphoric acid esters of both
choline? and ethanolamine®* have been isolated
from normal tissues, their place in metabolism
has not been adequately described. An exten-
sion® of available information on phosphoryl
choline (Smith,® Welch and Welch,” and Taurog®)
therefore appeared of interest. Since an undue in-
crease in tissue concentration of any substance is
to be avoided where its normal metabolism is to
be followed (ref. 9, p. 292) and since labeling this
molecule with radiophosphorus would provide a
convenient means of following the metabolic
path of that portion of the ester, a highly radio-
active preparation was desirable.

The published procedures for the synthesis of
the monophosphoric acid ester of choline are not
well suited to preparation of the ester containing
radiophosphorus. They permit extensive isotope
dilution®1%! or yield products contaminated by
the diester and inorganic phosphate.’* Accord-
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ingly, the method of preparation has been adapted
to efficient use with radioactive phosphorus and/or
choline containing tracer elements, and to elimina-
tion of contaminating compounds. The phos-
phoryl choline containing radiophosphorus, of
which the preparation is described here, was of
satisfactory purity and, allowing for decay, pos-
sessed the same activity per mg. of phosphorus as
the starting material.

The ester was prepared in most satisfactory
yields by heating equimolar quantities of 1009,
phosphoric acid with dry choline chloride under
reduced pressure for twelve hours at 165°, and
isolating the product as the calcium chloride salt.
In preliminary attempts at improvement of the
synthesis, several new derivatives of the mono-
and dicholine esters of phosphoric acid were pre-
pared for purposes of identification and com-
parison. An attempt to form the, ester by treat-
ing bromocholine bromide and trisilver phosphate
or disilver monophenyl phosphate gave instead
excellent yields of neurine. It was also found that
choline hydroxide and phosphoric acid may be
esterified in refluxing toluene to give a satis-
factory product, although in rather low yield and
with considerable decomposition.

Experimental

Calcium Phosphoryl Choline Chloride Containing P32,—-
150 mg. of phosphoric acid containing P32 in 6 ml. of water
was introduced into a pear-shaped flask of 35 ml. capacity.
The flask was fitted with a standard taper 24 stopper and
two outlets with glass stopcocks. The dilute acid was
evaporated to 1009, phosphoric acid by immersion in an
oil-bath which was gradually raised to 180° as 3 stream of
dry air was passed through the flask. Only 0.005%, of the
activity was lost by this evaporation. When complete,
214 mg. of pure dry choline chloride was well mixed with
the phosphoric acid and about 1 g. of phosphorus pent-
oxide mixed with asbestos contained in a Soxhlet thimble,
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supported over the reactants. The contents were main-
tained for twelve hours at 165° under vacuum. On cool-
ing, the products were taken up in a few ml. of water, 100
mg. of calcium chloride added and the solution brought to
the phenolphthalein end-point with saturated calcn}lm
hydroxide solution and worked up by the method of Plim-
mer and Burch!l; yield 306 mg. or 63% of thin colorless
rectangular plates. - Unreacted phosphate, recovered as
calcium phosphates during the isolation, was salvaged for
further use by conversion to magnesium ammonium phos-
phate. The total recovery of radiophosphorus as the
ester and magnesium ammonium phosphate was 969%,.
Anal. Caled. for CsHpOsNPCaCl-4H,O: C, 18.2; H,
6.37; N, 4.25. Found: C,18.11; H, 6.42; N, 4.19. .

By isotope dilution, the product was found to contain
0.02% contaminating inorganic phosphorus and < 0.05%
by colorimetric analysis. Calcium phosphoryl choline
chloride prepared in this fashion contains negligible
amounts of the diester, as indicated by analysis and the
fact that measurable quantities of the insoluble diauri-
chloride could not be obtained from larger scale prepara-
tions utilizing non-isotopic phosphorus.

Phosphoryl Choline Reineckate.—3.37 g. of recrystal-
lized phosphoryl choline aurichloride, prepared according
to Jackson,!? was decomposed with powdered silver py the
procedure of Dudley.® The dilute aqueous solution of
phosphoryl choline chloride so obtained was evaporated
to a thin sirup, brought to incipient precipitation with
ethyl alcohol and to this added a 1009, excess of acidified
ammonium reineckate in ethyl alcohol. The precipitated
salt was centrifuged and washed twice with 20-ml. portions
of alcohol with centrifugation and finally filtered on a sin-
tered glass filter; yield 2.17 g. or 99%.

The compound does not precipitate well from an aqueous
or acetone solution (¢f. choline reineckate) although when
once dried it redissolves only slowly in these solvents. It
is quite insoluble in ethyl alcohol and dioxane after it has
once been obtained in the dry state. Amnal. Caled. for
C1H3O0sNeSiPoCr: N, 16.37; P, 9.05. Found: N,
16.28; P, 8.54. .

Phosphory! Choline Mercuric Chloride Complex.—0.75
g. of the aurichloride was decomposed with silver as above.
The phosphoryl choline chloride, contained in 5 ml. of
water, was precipitated as the mercuric chloride complex
by the addition of an excess of a saturated alcoholic solu-
tion of mercuric chloride. The complex was recrystallized
once from warm 80% alcohol, filtered, washed with ab.so—
lute alcohol and dried; yield 1.08 g. or 76%, as bf:autlful
long white needles, singly and in clusters. It is more
soluble in water than the mercuric chloride cofnplex of
choline; m. p. 180-184° cor. Amnal. Caled. for C:Hi50,-
NP-3HgCly: N, 1.40; P, 3.10. Found: N, 1.45; P,3.?6.

Phosphoryl Choline Phosphotungstate.—A preparation
of characteristic composition was not obtained although
phosphotungstic acid gave a water-insoluble microcrystal-
line product which was extremely difficult to ﬁl_ter. It
contained 0.91% N; yield 719, based on N analysis.

Dicholine Phosphate Reineckate.—This was prepared
by the same procedure given for the monoester: 0.35 g.
of the diaurichloride gave 0.23 g. of reineckate; very
slightly soluble in water, acetone, ether and thorofor{n;
insoluble in ethyl alcohol. This salt probably is of varia-
ble composition, That obtained showed N, 19.70; P, 3.92;
yield 799, based on P analysis. .

Dicholine Phosphate Mercuric Chloride Complex.—
This was prepared by the same procedure given for the
monoester complex: 0.30 g. of the dlaunchlorlde‘gave
0.13 g. of a fluffy crystalline powder on recrystallization of
the crude product from hot water; m. p. 202-207°; N,
0.89; yield 139, based on N analysis. )

Direct Esterification of Choline Hydroxide by Phos-
phoric Acid in Toluene.—Ten grams of choline chloride
was dissolved in 50 ml. of water and stirred in the dark
with a calculated excess of silver carbonate until the fil-
trate gave a negative test for halogen. It. was filtered and
the calculated quantity of barium hydroxide added. The
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solution was filtered from barium carbonate and the fil-
trate evaporated down under nitrogen with reduced pres-
sure. The sirup obtained was distilled with toluene to
remove further water, 3.83 ml. of 1009, phosphoric acid
added slowly and distillation continued until no more
water came over with the toluene, further toluene being
added as required. On cooling the toluene was decanted
from the residue which was washed with two small por-
tions of absolute alcohol and dried in the air. The residue
was taken up in 10 ml. of water, filtered and precipitated
by addition of 10 volumes of absolute alcohol. The pre-
cipitated sirup was taken up in water, 8.0 g. of calcium
chloride added and the solution neutralized to phenol-
phthalein with saturated calcium hydroxide solution.
The filtrate!4 from this solution was evaporated under
reduced pressure on the steam-bath to a thin sirup and
precipitated by the addition of 200 ml. of absolute alcohol.
The crystalline product on drying in air following a second
precipitation weighed 3.2 g. or 24%. The product was
obtained as thin fragile rectangular plates or needles de-
pending on the rate of crystallization. Analysis showed
this to be the calcium chloride salt of Plimmer and Burch.!!
Anal. Caled. for C;HuONPCaCl-4H;O: P, 9.46; N,
4.25; H,0, 21.86. Found: P, 9.2; N, 4.10; H,0, 21.4;
ionic P, 0.07.

Reaction of Bromocholine Bromide and Silver Phos-
phates.—Five grams of trisilver phosphate suspended in
300 ml. of absolute alcohol reacted with 2.95 g. of bromo-
choline bromide by refluxing for six hours in the dark.
The reaction mixture was cooled, filtered to separate silver
bromide and the filtrate, after decolorization with Norite,
worked up in two parts to give the picrate and aurichloride
of the main reaction product; yield 65%. The neurine
picrate melted at 270° and the aurichloride at 243°.
Amnalysis of the picrate showed: caled. for CyHO7N,:
C, 42.05; H, 449; P, 0.00. Found: C, 42.17; H, 4.36;
P, 0.00. A similar experiment employing disilver mono-
phenyl phosphate in place of the trisilver phosphate gave
an 839, vield of neurine isolated as the picrate.1s
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Summary

1. An economical method for the preparation
of phosphoryl choline containing isotopic ele-
ments has been developed and applied to the syn-
thesis of the ester containing highly active radio-
phosphorus.

2. Several new derivatives of the mono- and
dicholine phosphoric acid esters have been de-
scribed.
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