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The synthesis of the three carbon-14 singly labeled pL-alanines and necessary intermediates to prepare them wia propionic

acid is described. Small scale procedures were used throughout.
to give high purity amino acids in good yield on a small scale.

The synthesis of pL-alanine singly labeled with
carbon-14 in each of the three positions was under-
taken in conjunction with some of the biological
studies of this group and of the Division of Bio-
chemistry of the University of California.

Although both 1- and 2-labeled alanine have been
prepared before®— other methods with much lower
yields have been used.

In the course of this work, procedures for the
small scale synthesis of several important inter-
mediates were developed, including the 2- and 3-
labeled propionic acids. Carboxyl-labeled propi-
onic acid was prepared by carbonation of ethyl-
magnesium bromide in the standard fashion. The
2- and 3-labeled propionates were prepared from
the corresponding 1- or 2-labeled acetic acid accord-
ing to the schemes

LiA1H4 PBI’;;
CH;CO,H —— CH;CH,0H ——>
Mg
CH3CH2Br —_— CHaCHgCOzH
CO,
H+

Alanine was prepared by direct bromination and
amination of the propionic acid.

It was observed that in the reduction of the
acetic acid with lithium aluminum hydride in
diethyl carbitol solvent’ there occurred a marked
and erratic dilution of the labeled ethanol with
inactive material.

To ensure that the solvent itself was originally
free from ethanol, it was treated with lithium
aluminum hydride, filtered and fractionally dis-
tilled. The fraction boiling at 72° (10.5 mm.)
was used for the syntheses and for all experimental
work. Attempts to identify ethanol in the solvent
after treatment with lithium aluminum hydride
or in the LiAlH,; itself were unsuccessful. The
presence of carbon-containing compounds in the
lithium aluminum hydride was demonstrated, but
its analysis (C, 0.95, 0.59%,) in the two samples used
showed this source to be insufficient to account for the
inactive halide formed in the subsequent reaction.

After treating the diethyl carbitol with phos-
phorus tribromide under the conditions of the
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Ion exchange columns and vacuum sublimation were used

bromination, 0.18 g. of product was isolated.
When an identical amount of solvent was first
treated with lithium aluminum hydride, then
brominated, the product was 0.33 g. Even when
the greatest of care was taken to exclude diethyl
carbitol from the bromination of synthetic ethanol,
yields in excess of theoretical were still found.

Methanol was prepared by lithium aluminum
hydride reductions of C0; in a check reaction and
converted to the iodide. Sodium acetate was
prepared from the methyl iodide.®! The equivalent
weight of the acetates so prepared was as much
as 89, high, whereas that of sodium propionate
made from ethyl bromide prepared in the manner
described above varied a maximum of 0.69, from
theoretical in six runs. On the basis of this work,
it was concluded that probably some lithium com-
pound caused splitting of the diethyl carbitol under
the conditions of the preparation to give ethanol
and thus cause the effects described.

Since completion of the syntheses described
herein, other workers® have reported a thorough
investigation of the lithium aluminum hydride
reduction of carbon dioxide and have isolated in-
active ethanol in the methanol-C!* produced by
this reaction. These workers have concluded
that the ethanol is derived from the diethyl carbitol
through splitting of the ether bonds.

The purification of the alanine was achieved by a
novel combination of steps which gave a high
purity material on a small scale with a minimum
loss of material due to manipulation. In this pro-
cedure the alanine was first absorbed on a cation
exchange resin and the anions (chloride, phosphate
and bromide ions) washed out. The alanine was
then eluted with ammonia to give an alanine-
ammonia solution. When this eluate was evapo-
rated to dryness, fairly pure, salt-free alanine was
left. By high vacuum sublimation of this ma-
terial a very pure product was obtained. There
is no evidence for the formation of the diketo-
piperazine of alanine by this procedure. In similar
experiments with glycine, a second radioactive,
ninhydrin-negative compound was found in the
sublimate, which disappeared upon hydrolysis with
hydrochloric acid. It seems, therefore, likely that
any diketopiperazine of alanine would have been
seen on the chromatograms if present.

The identity and purity of the propionic acids
was checked by equivalent weight determinations.
The chemical identity and radiopurity of the
derived amino acids was checked by two-dimen-
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sional paper chromatography. The two solvent
systems used were phenol saturated with water and
butanol-propionic acid-water (2:1:1.4), respec-
tively.® After making radioautographs of the
papers they were sprayed with a 0.17, solution of
ninhydrin i1 957, ethanol. These experiments
showed that only one amino acid, alanine, was
present and that the ninhydrin spot corresponded
with the radioautograph spot.

The importance of this check can be shown by
the following unsuccessful experiment. The prep-
aration of alanine-3-C!* was first attempted by con-
densation of diethyl acetamidomalonate with
labeled methyl iodide. It was found that about
10% of the product thus formed was present as a
radioactive contaminant which had amino acid-
like properties and could be separated from the
alanine by fractional elution from an ion-exchange
column, This impurity, believed to be sarcosine
(N-methylglycine), would not be easily detected
in alanine by ordinary analytical methods (ele-
inental analyses, recrystallization, etc.) and indi-
cates the need in the small-scale radiopreparations
of special purity tests such as the paper chromato-
grams and radioautographs just mentioned.

It is interesting to note that sinall quantities
of alanine may be decarboxylated by bacterial
action if left standing in unsterilized solution at
room temperature. Thus, 59 mg. of alanine-1-C!
was aerated for three days in aqueous solution and
the carbon dioxide was trapped in sodium hydroxide
and precipitated as barium carbonate. It was
found that of the 2.43 X 10° dis./min. put into
some 75 ml. of water only 1.69 X 10¢ dis./min.
were found in the solution after aeration and
0.69 X 10° dis./min. were found in the barium
carbonate precipitated from the sodiun hydroxide
bubblers.

Experimental

Sodium Propionate-1-C'*,—Thirty millimoles of ethyl-
magnesium iodide was carbonated with 20 millimoles of
CH40, (from 3.94 g. of BaCl4Q;, 5.02 uc./mg.).1t The yield
was 1.87 g. of sodium propionate-1-Cl (specific activity
10.4 uc./mg.) which is a 97.8%, yield.

a-Bromopropionic-1-C14 Acid.—Dry sodium propionate
(937 mg., 9.87 mc.) from the above preparation was placed
in a gas-solid reactor.!? This bulb was evacuated to about
10 microns pressure and filled with an excess (one-half atmos-
phere) of dry, purified hydrogen chloride. The solid so-
dium propionate was then heated gently over a Bunsen
burner. After the exchange reaction was complete, the
mixture of propionic acid and excess hydrogen chloride was
distilled 4» vacuo into a large trap cooled with liquid nitrogen.
The cooling bath was then changed to a Dry Ice—isopropyl
alcohol mixture, and the excess hydrogen chloride pumped
off. In preliminary runs it was established that the salt
residue contained less than 0.19%, of the initial activity and
no demonstrable amounts of propionic acid. It was also
shown that the propionic acid so prepared contained 3-5%,
water.

The propionic-1-C!* acid was distilled into the bromina-
tion vessell® which contained 0.04 g. of red phosphorus, 0.02
g. of iodine and 0.2 ml. of propionyl chloride. The mixture
was allowed to reflux on the steam-bath for one-half hour to
destroy the water, 1.5 ml. of bromine was added dropwise
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and refluxing was continued for three hours.!* The low
temperature condenser was kept at Dry Ice-isopropy! alco-
hol temperature.

After sweeping out the excess bromine with a slow stream
of air, the mixture of a-bromopropionic-1-C! acid and «-
bromopropionyl-1-C!4 bromide was cooled and hydrolyzed
by slow addition of 2 ml. of water.

Alanine-1-C!'4.—The amination was performed in a three-
necked flask by slow addition of a-bromopropionic-1-Ct+
acid to a mixture of 6 g. of ammonium carbonate and 15 nil.
of concentrated ammonium hydroxide.!%1¢ The reactiou
mixture was kept at 60° for six hours and then distilled to
dryness 4n vacnwo. The distillate contained 1-29% of the
starting activity.

The crude alanine-1-C!'4 was purified by (a) passage
through an ion-exchange resin columu and (b) lgh vacuum
sublimation.

A glass column (30 cin. X 2 cm, o.d.) filled with 60 cc. of
Dowex-50 resin (20-40 mesh) was treated by cycling it to
exhaustion three or four times with 2 IV sodium hydroxide
solution and 2 N hydrochloric acid, respectively, ending with
the acid. All the excess acid was washed out thoroughly
with water, and 600-900 mg. of crude alanine-1-Cl4, dis-
solved in a minimum amount of water, was added to the
column, followed by 500 ml. of water to wash out the anions.
The alanine was eluted with 250 ml. of 1.5 N ammonium
hydroxide, followed by 250 ml. of water. The resin was re-
generated with 2 N hydrochloric acid. The water effluate,
ammonium hydroxide eluate and hydrochloric acid regen-
eration solution were each evaporated to dryness and were
found to contain 3, 88 and 5%, respectively, of the radio-
activity put on the resin.

In order to remove traces of ammonia the dry residue of
the ammonium hydroxide eluate was made slightly alkaline
with sodium hydroxide and evaporated to dryness. After
redissolving and adjusting the pH to 6.8 the solution was
transferred to the lower part of a sublimation apparatus with
a l-cm. sublimation gap, evaporated to dryness and sub-
limed at one micron pressure and 160-200° for two hours
with the cold finger at liquid nitrogen temperature. The
sublimation residue was redissolved (pH 8.3), adjusted to
pH 6.8, dried and resublimed. This final residue contained
4%, of the initial crude alanine activity.

The yield of alanine-1-C14 was 802 mg. with a specific
activity of 9.9 uc./mg. (theoretical, 9.11 pc./mg.). This
represents a radiochemical yield of 80.5%, based on sodium
propionate-1-C!¢ used and a chemical vield of 76%,.

Ethyl-1-C'* Bromide.—Acetic-1-C!¢ acid was prepared
from 1.602 g. (29.2 mc.) of sodium acetate-1-C!4 & using dry
hydrogen chloride as in the previous procedure for preparing
propionic acid. The product was distilled # vacuo into a
liquid nitrogen-cooled dropping funnel which contained 5
ml. of repurified diethyl carbitol. The funnel was attached
to a three-necked conical flask which contained 1.16 g. of
lithium aluminum hydride in 35 ml. of diethyl carbitol and
to which was also attached a U-trap immersed in a Dry Ice
bath.%!7 The acid solution was dropped slowly onto the
lithium aluminum hydride solution with occasional shaking
and cooling. After addition of the acid was completed, the
dropping funnel was rinsed with several small portions of
the solvent and the solution was allowed to stand with occa-
sional shaking for 30 minutes. The lithium aluminum hy-
dride solution was decomposed by the slow addition of 50 ml.
of n-butyl carbitol and the system swept free of hydrogen by
a slow nitrogen stream.

The ethanol-1-C!* thus produced was distilled into the cold
trap using a nitrogen sweep. Alternating periods of boiling
were used to ensure complete exchange between the excess
n-butyl carbitol and the lithium ethanolate. Prolonged
boiling without gas sweep may produce enough hydrogen to
cause an explosion. The non-volatile distillation residue
contained 2.9% of the initial activity.

The cold trap containing the ethanol and about 5 ml. of
the solvent was removed from the reaction flask, attached
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to the vacuum line, and subjected to two vacuum distilla-
tions to reduce the amount of carbitol present. The eth-
anol was then distilled into a small flask and converted to
ethyl-1-C14 bromide with phosphorus tribromide.13

The chemical yield of purified ethyl bromide was 2.49 g.,
representing 1169 of the theoretical yield. Specific activity
of the product was not measured, but the specific activity
of the sodium propionate prepared from this ethyl bromide
would indicate a 269, dilution of the active halide with the
inactive bromide produced from solvent breakdown.

Sodium Propionate-2-C!4,—The ethyl-1-C!4 bromide thus
prepared was converted to the Grignard reagent and this
compound carbonated with inactive carbon dioxide.! The
yield of dry sodium propionate-2-C!4 was 1.58 g. (19.8 mc.)
of ;peciﬁc activity 12.5 pc./mg. or a radiochemical yield of
68%.

Alanine-2-C14,—Sodium propionate-2-C!4 (0.935 g., 9.7
millimoles) with a specific activity of 4.66 uc./mg. was con-
verted to alanine as previously described. The chemical
vield (0.689 g.) was 67%, based on the propionate and pro-
piony! chloride used. The radiochemical yield was 63%
and the specific activity of the product was 4.08 uec./mg.
(theoretical 4.21 pc./mg.).

Sodium Propionate-3-Clt.—Sodium acetate-2-C!4¢ was
prepared® from methyl-C14 iodide which had been obtained
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via high pressure hydrogenation of carbon dioxide!8 in order
to avoid the contamination found in the methyl iodide ob-
tained via the lithium aluminum hydride reduction. As pre-
viously described, 1.229 g. (13.2 mc.) of sodium acetate-2-
C!4 was reduced with lithium aluminum hydride in diethyl
carbitol soution and the alcohol thus produced converted
to the bromide to give 1.92 g. of ethyl-2-C!4 bromide. This
labeled ethyl bromide was then converted to the Grignard
reagent and carbonated. In this manner, 1.225g. (6.51 mc.)
of sodium propionate-3-C!¢ was produced, which represented
a radiochemical yield of 49.5% based on the acetate used
to begin the svnthesis.

Alanine-3-C!4,—1.11 g. of sodium propionate-3-C!* with
a specific activity of 5.32 uc./mg. was converted to alanine
as previously reported. The chemical yield (0.965 g.) based
on the propionate and propionyl chloride used was 77%,.
The radiochemical yield was 74%. The specific activity of
the product was 4,53 uc./mg. (theoretical 4.75 uc./mg.).

Acknowledgment.—The authors wish to thank
Prof. M. Calvin for his interest and assistance in
this work.
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The synthesis of isotopically labeled pL-threonine and its alloform has been carried out.

It was found that chemical

methods on a small scale will not serve for a complete separation of the isomers, which is also true for paper chromatography.

Quantitative separation of the isomers was effected by the use of a cation exchange column (Dowex 50).

techniques confirmed the efficiency of this technique.

For the purpose of evaluating the chromato-
graphic separation, the general procedure set
forth by Carter® was followed in the synthesis,
suitably modified because of the reduced scale on
which the reactions had to be carried out. It was
found, however, that the method of Carter and
Zirkle?® coupled with that of Pfister, ef al.,* was more
suitable from a purely preparative standpoint,
although involving additional steps.

In the preparation of N'-labeled pL-threonine,
separation of the alloform was avoided by the use
of the low-melting isomer of a-bromo-B-methoxy-
butyric acid® which led to pL-threonine directly.

For the preparation of C!4labeled pL-threonine
and bpL-allothreonine, labeled crotonic acid was
prepared from malonic acid® in good yields and
converted to the N-formyl-O-methyl derivatives of
DL-threonine and pr-allothreonine. After one re-
crystallization, the N-formyl-O-methyl-pL-threo-
nine yielded upon hydrolysis a mixture of nearly
equal amounts of pL-threonine and pL-allothreonine
(as determined by microbiological assay) rather
than pure pL-threonine, as has been reportedly
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Microbiological

obtained in large scale runs.? It was found, how-
ever, that mixtures of the two isomers could be
separated on a small scale, either by fractionation
of the sodium salts with ethanol® or by a chromato-
graphic separation on a cation resin. Paper
chromatography failed to separate DL-threonine
from pL-allothreonine,

Although the sodium salt method yielded pL-

TABLE I

EFFICIENCY OF RESOLUTION OF DL-THREONINE AND DL-
ALLOTHREONINE AS DETERMINED BY MICROBIOLOGICAL
Assav?
% DL.
Method of resolution threonine®
Synthetic mixture 80

No. Compound
1 pr.Threonine—80%,
pL.Allothreonine—209,
2 pu-Threonine—579,
pL-Allothreonine—43%,
3 bpr-Threonine sodium
salt

Synthetic mixture 53, 54

Sodium salt fractionation 97, 86°
from No, 2 above

4 Ct4 pr-Threonine Fractionation of N- 53, 63
formy1-O-methyl deriv.
(one cpystallization)
5 bpL.Threonine Cation exchange resolu- 98
tion (Fig. 2)
6 bpDL-Allothreonine Cation exchange resolu- 0
tion (Fig. 2)
7 Nu.pL-Threonine None 106, 110, 110

2 We are indebted to Dr. Ethelda Norberg for running
the microbiological assays. ? Values for pL-threonine are
calculated as double the values of L-threonine found. b-
Threonine is inactive for S. faecalis, ¢ Values for pL-threo-
nine sodium salt are calculated from assays vs. DL-threonine
standard. They are recorded as their pt-threonine equiva-
lent.



