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/ BULB I 

Fig. 1.—Inside diameter of all bulbs about 37 mm. 

The residual aminoalcohol was distilled in high vacuum 
by first putting bulbs 1 and 2 of the distilling apparatus into 
a small metal box-shaped oven, fitted with a mica window 
on one side, a removable cover, a slit on one end and a ther
mometer, and heated with a bunsen burner. During the 
distillation, the slit in the box was covered with a piece of 
thick asbestos paper and wet cloth was wrapped around the 
bulbs remaining outside of the box. 

A temperature of 142° was maintained inside of the oven 
for 15 minutes, allowing the forerun to distil at 0.15 mm. 
into bulb 3. After that period, the distilling apparatus was 
moved so that only bulb 1 remained in the box. Small 
amounts of the forerun condensed in bulb 2 were driven into 
bulb 3 by careful heating with a bunsen burner. The de
sired aminoalcohol was then distilled into bulb 2 as a color
less oil at 0.15 mm. and an oven temperature of 160-178°, 
the operation taking about 25 minutes. 

Bulb 2 was then separated by cutting the connections to 
the other bulbs and the aminoalcohol (1.1205 g.) poured into 
a Pyrex tube of 100 mm. length and 22 mm. inside diameter. 
Three ml. of chloroform was used to wash the bottle. 

(2) C14-Labeled N-Benzyl-N-(l-phenoxyisopropyl)-/3-
chloroethylamine Hydrochloride.—The tube containing the 
chloroform solution of the aminoalcohol was cooled in an 
ice-bath and the procedure given in the literature2 was 
followed in preparing the desired compound. Shiny white 
crystals (1.0414 g.) of the m.p. 137.5-140° (lit.2 137.5-140°) 
were obtained. 
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A Convenient Synthesis of Uracil 2-C14 from Urea1 

B Y H. GEORGE MANDEL AND CURTIS L. BROWN 

Uracil, a normal constituent of pentose nucleic 
acid, has been shown by many authors to act as a 
growth factor for various organisms.2-6 I t there
fore became desirable to prepare this compound 
labeled with C u in order to study its physiological 
disposition in several species. Since C u urea is 
commercially available,7 it was desirable to devise 
a synthesis with this substance as the limiting re
agent. Non-radioactive uracil has been prepared 
in a 25% yield, based on urea, by Davidson and 
Baudisch.8 The yield was improved slightly by 
temperature modifications introduced by Chi and 
Chen.9 Hilbert10 has observed that the amount of 
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sulfur trioxide in the fuming sulfuric acid, the tem
perature of heating and the order of addition of the 
reagents influence the success of related condensa
tion reactions. 

The procedure outlined below permits the prepa
ration of uracil in a better than 60% yield based 
on C14-urea. 

Experimental 
Twenty ml. of fuming sulfuric acid ( 1 8 % of SO3) was 

placed in a three-necked 50-ml. flask equipped with a mer
cury seal stirrer, a thermometer and a funnel-shaped inlet 
tube. After cooling the solution in a Dry Ice-alcohol-bath 
to —5°, 4.4 g. (0.033 mole) of finely pulverized malic acid 
was added with stirring, keeping the temperature below 0°. 
When the material had been finely dispersed, 1.7 g. (0.028 
mole) of urea, previously pulverized and desiccated, and 
containing 1 mc. of C14-urea was introduced in small por
tions over a period of ten minutes, keeping the temperature 
below 5°, and stirring vigorously. The mixture was then 
slowly warmed to 80°, whereupon all solid material dis
solved. The solution was stirred at 80-85° for one hour, 
cooled and poured over 60 g. of crushed ice. After 48 hours 
in the ice-box, the uracil had separated. It was centrifuged, 
resuspended repeatedly in ice water, filtered off and dried. 
Recrystallization from hot water, carried out with non
radioactive uracil, showed that this step was unnecessary. 
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Fig. 1.—Eight-plate countercurrent distribution of uracil 
2-C14. Theoretical curve K = 1.85 system 1 M phosphate 
buffer pH 6.8, re-butanol and /-butanol; O, optical density 
at 260 niju; ©, radio assay. 
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A yield of 1.95 g. of uracil (62% based on urea) was ob
tained with a specific activity of 0.33 ,uc./mg. 

The substance exhibited an ultraviolet absorption spec
trum and an extinction coefficient identical with those re
ported in the literature.11'12 A descending chromatogram 
of the material in a mixture of i-butanol-glacial acetic acid -
water (65:25:10 v./v.), using Whatman No. 1 paper, 
showed a single radioactive component having an Rt value 
of 0.60. The product was subjected to an 8-plate counter-
current distribution in a system of 1 M potassium phosphate 
buffer at pK 6.8 and a mixture of equal volumes of «-bu-
tanol and i-butanol. The optical density at 260 m/j for the 
aqueous and organic layer of each plate was measured, and 
the sum of the values for the two phases of the various 
plates is plotted in Fig. 1. The relative radioactivity of 
each plate was determined by the addition of a constant 
volume of methanol and water to each plate to make the two 
layers mutually soluble. Aliquots of these solutions were 
then plated in plastic cups, dried and assayed for radioac
tivity in a gas-flow proportional counter. It was found 
that in addition to the background a correction for natu
rally occurring K40 of the buffer was necessary. The result
ing values are plotted in Fig. 1. The close agreement, 
within the accuracy of the technique, with the calculated 
curve for authentic uracil having a distribution of 1.85 in 
such a system, indicated that the substance was of high 
purity. 

(11) R. D. Hotchkiss, J. Biol. Chem., 175, 315 (194S). 
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Absence of Rapid Exchange of Sulfur Atoms be
tween Sulfate and Persulfate Ions 

By P. C. RIESEBOS AND A. H. W. ATEN, JR. 

In aqueous solutions a rapid exchange between 
H g + + and Hg 2 + + - ions has been reported.1 This 
observation suggests tha t an investigation of ex
change reactions between ion pairs of the same type 
might be a mat te r of some interest. As the sul-
fate-persulfate combination is fairly easy to handle, 
we have performed some experiments with this 
system. I t may be pointed out tha t in this ex
change process an oxygen-oxygen bond is affected, 
whereas in the sulfur exchanges studied earlier, 
like the S O r - H S - , SO4-SO3", S 2 O r - H S - and 
Sz03

=-S03™ reactions,2 bonds between a sulfur and 
an oxygen atom or between two sulfur atoms were 
at tached. 

Solutions containing radioactive potassium sul
fate, labeled with S35 (about 0.001 or 0.002 molar) 
and inactive potassium persulfate (about 0.0005 
or 0.001 molar) were kept a t room temperature for 
a week. The sulfate fraction was precipitated as 
barium sulfate after which the persulfate was de
composed by boiling with hydrochloric acid. Ex
periments were performed a t /?H values of about 1, 
about 7 and about 10. In all cases the average 
value of the specific activity of the sulfur in the 
persulfate amounted to less than 2 % of the spe
cific activity of the sulfate sulfur. (Large differ
ences between figures obtained in duplicate experi-

(1) S. Ruben, G. T. Seaborg and J. VV. Kennedy. ./, Appl. Phys., 12, 
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nients suggest, however, t ha t most or all of the 
small activity found in the persulfate fraction may 
well be due to incomplete separation of the two 
fractions.) Under these circumstances the half-
time of exchange amounts to about half a year at 
least. 

Another series of exchange experiments was 
performed at pH about 10 in which the solu
tions were boiled for 5 minutes. This resulted in 
the decomposition of about 1Z3 of the persulfate, 
after which the average of the radioactivity in this 
fraction still did not amount to more than 1.5% 
of the total activity in the system. (Here again 
the wide variation of the results suggests t ha t this 
limit may be far too high.) 

We are pleased to express our grat i tude to the 
"Nederlandse Organisatie voor Zuiver Weten-
schappelijk Onderzoek" and to the "Stichting voor 
Fundamenteel Onderzoek der Mater ie" for their 
support. 
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Synthesis of Histamine-2-C "-Imidazole1 

BY RICHARD W. SCHAYER2 

Certain bacteria possess an enzyme which con
verts L-histidine into histamine and carbon diox
ide.3 Rod well4 has isolated unspecified strains of 
Lactobacilli possessing a very high histidine decar
boxylase activity. Using an acetone powder 
preparation of these bacteria,4 radioactive L-histi
dine has been decarboxylated and the radioactive 
histamine isolated as the dipicrate. 

Experimental 

Thiol-L-histidine-2-C14-imidazole.—Radioactive sodium 
cyanide (approximately 3 mc.) was prepared from Cu-
barium carbonate without dilution of the isotope by the 
method of Belleau and Heard.6 The sodium cyanide was 
converted to sodium thiocyanate by the method of Castig-
lioni7 as adapted by Borsook, et al.s After dilution with 
carrier equal to 1.5 times the estimated weight of the iso-
topic material, the sodium thiocyanate was treated with 
a,5-diamino-y-ketovaleric acid9 (7-ketoornithine) producing 
155 mg. of crystalline thiol-L-histidine which failed to melt 
up to 300°, as reported by Ashley and Harington.9 Addi
tional radioactive thiolhistidine was crystallized from the 
mother liquor after addition of carrier. 

L-Histidine-2-C14-imidazole.—One hundred and fifty mg. 
of thiolhistidine was oxidized with ferric sulfate to histidine8' 
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