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An over-all isotopic conversion eflicienicy of 229
from BaC'40; was achieved.
RADIOCHEMICAL DiIvision
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Synthesis for Carbon-14 Labeled d/-Glutamic Acid

By ROBERT J. SPEER, AMMARETTE ROBERTS, MARGARET
MALONEY AND HENRY R. MAHLER

Under the auspices of the Atomic Energy Com-
mission, Contract AT-(40-1)-274, synthetic meth-
ods for di-glutamic acid-3-C'* and di-glutamic acid-
1,2-C* have been developed. dI-Glutamic acid-5-
C1 has been successfully prepared by modification
of the method of Marvel and Stoddard! through the
sequence of reactions®?

NH34
CICH,CH,OH?
BaC*Oy > KC*N
85-95% 80%
I
_ HBrs , CH,OH!
HOCH.CH,C*N ~—— BrCH,CH,C*OOH
020, 880
11 IIIL
(1) NaOH!
BrCH.CH,C*QOC,H; 4 (2) HC1

[C6H4( C())2 ]NCH(COOCQHs)z i

70-75%
Iv
HOOCCH(NH,)CH,CH,C*OOH
v

By this procedure, an over-all isotopic conversion
efficiency of 479, on the basis of potassium cyanide
was achieved,

The synthesis of di-glutamic acid-1,2-C', re-
ported by Koegl, et al.,* during the course of this
work, was achieved as follows
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Utilization of the techniques developed by these in-
vestigators, together with modifications from this
Laboratory, served to attain an over-all isotopic
yield of 20.49, from the starting propionic acid-1-
C
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Yeast Biosynthesis of Radioactive Sulfur Com-
pounds

By Joun L. Woop! axp JESSE D. PERRINSON, JR.
RECEIVED Aucust 30, 1951

The possibility of synthesis of isotope labeled
compounds by microdrganisms is often dismissed
by the organic chemist for Jack of special equipment
and because of the complexity of the mixtures of
products obtained. These problems are minimized
in sulfur labeling, due to the distribution of the
isotope among relatively few compounds, and by the
utilization of yeast culture in ordinary glassware.
Moreover, the yeast itself is well established as a
dietary supplement and source of protein. Radio-
active yeast may be fed for introduction of labels
into body sulfur compounds.

The production of yeast labeled with radioactive
sulfur has been carried out by use of a synthetic
medium? containing only the small amount of sulfur
furnished by the impurities in C.p. chemicals.?
Carrier-free S% sulfate, furnished by the Oak Ridge
National Laboratory, was quantitatively incor-
porated by the yeast which was grown in 500-ml.
erlenmeyers on a shaker. The labeled yeast was
produced with a high specific radioactivity to
permit dilution as desired before use.

Yeast prepared in separate runs of this procedure has been
found to vary little in composition. It contained 6% ni-
trogen which was 509, non-protein. The protein fraction,
however, contained 95%, of the radioactivity labeled com-
pounds. The biological availability of the sulfur was dem-
onstrated by feeding the yeast as part of the diet of 3 rats.
Radioactivity determinations done on blood, liver, kidney,
muscle and urine showed an active metabolism of the sulfur
compounds had occurred. The direct isolation of radioac-
tive L-methionine and L-cystine from hydrolyzed veast has
heen described.*+ Specific activities of the order of one mi-
crocurie per microgram of sulfur were obtained after a pre-
lituinary dilution of the product, with no indication that
this was a limiting value. Analyses showed a moisture
coutent of 5.3%, ash, 69,. Corrected percentage values
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were phosphorus, 1.57; nitrogen, 6.0; nom-protein N,43.8. -

The sulfur content of non-radioactive samples was 0.25%.
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Preparation of .-Methionine-S* and r-Cystine-S3?
from Radioactive Yeast!

By Joux L. Woop aNp GorpoN C. MrLLs
RECEIVED AvucusT 30, 1951

Radioactive L-cystine and L-methionine have
been isolated from yeast labeled with radioactive
sulfur.? The yeast was prepared by a method
which ensured a high specific activity on the yeast
sulfur.® This made a small scale operation possible
and yielded r-methionine and r-cystine of high
specific activity.

The yeast protein was separated from the carbohydrate by
the procedure of Albanese, et al.,* and the protein was hy-
drolyzed with a hydrochloric acid—formic acid mixture.
Dowex 50 was used to separate the sulfur amino acids.5
Each amino acid was isolated from the proper ion-exchange
fraction in a pure state after the addition of a small amount
of the appropriate non-radioactive carrier.

A 4-g. sample of yeast (1.5 X 10° counts/min.) yielded
161 mg. of L-methionine with a specific radiocactivity of 1.6
X 10¢ counts per minute per mg. of methionine and 158 mg.
of L-cystine with a specific activity of 3.7 X 108 counts per
minute per mg. of cystine.
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The Synthesis of Thyroxine-1-C1¢ !

By S. C. Wang, J. P. HumMEL AND T. WINNICK
RECEIVED JANUARY 7, 1952

Thyroxine labeled with radiocarbon on the
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carboxyl group has been synthesized by us on a
semi-micro scale by a procedure based on the
classical method of Harington and Barger.?

One hundred mg. of glycine-1-C14 ¢ representing 5.45 mec.
was treated with benzoyl chloride to yield hippuric acid-1-
Ctt, The latter was condensed with 3,5-diiodo-4-(4'-
methoxyphenoxy)-benzaldehyde. The resulting azlactone
was converted to a-benzoylamino-3,5-diiodo-4-(4’-methoxy-
phenoxy)-cinnamic acid-1-C!4, and the latter in turn to 3,5-
diiodothyronine-1-C!4, The iodination to thyroxine was
conducted in ethylamine solution.# The yield of thyrox-
ine-1-C!4 was 533 mg. or 539, based on the glycine-1-C1¢,
The product had a specific radioactivity of 530,000 counts
per minute per mg., with a thin mica window counter.

The infrared spectra of thyroxine and diiodothyronine
are given in Fig. 1. Our preparations were indistinguish-
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Fig. 1.—The Perkin-Elmer double beam spectrometer with
NaCl optics was used; 20 mg. of sample per ml. of Nujol;
dotted portions of records represent relatively opaque regions
of the Nujol.

able from commercial samples. Likewise thyroxine-1-C1#
had the same biological potency as commercial thyroxine,
based on assays with thyroidectomized rats.5 The position
of the labeling was confirmed by the Van Slyke ninhydrin
method. The thyroxine was decarboxylated at pH 2.5,
and the evolved C!40. accounted quantitatively for the
radioactivity.
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