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Reliability of Reactions Used to Locate Assimilated Carbon in Propionic Acid!

By H. G. Woop, C. H. WERKMAN, ALLAN HEMINGWAY, A. O. N1ErR AND C. G. STUCKWISCH

Glycerol is fermented by the propionic acid
bacteria with accompanying fixation of carbon
dioxide.? Using carbon dioxide labeled with an
isotope of carbon of atomic weight thirteen (C1%)3
and atomic weight eleven (C!!)* the fixed carbon
dioxide has been shown to occur mainly in the
products, propionic and succinic acids. In order
to obtain information concerning the chemical
reactions involved in this fixation of carbon
dioxide, it was essential to locate the position of
the fixed carbon within the molecule of the prod-
ucts of fermentation. In the case of succinic acid,
the carbon dioxide carbon was shown to be ex-
clusively in the carboxyl groups.? Conflicting
reports have appeared, however, with respect
to the position of the fixed carbon in propionic
acid. Carson, e al.,® degraded propionic acid,
which was formed in the fermentation of glycerol
and contained fixed radiocactive carbon (C'),
by the reactions

alkaline
CH,;CH,C'O0ONa —-i\—/[-—» NaQOCCOONa + NayClO,
nvy
(1)

(CH;CH,C!0Q,):Ba —3& (CH;CH,),C110 + BaCl'Q;

(2)
If the fixed carbon was in the carboxyl group, it
was supposed the C!! would have the distribution
indicated above. Actually they found, using re-
action 1, that from 70 to 759, of the C!! was in
the oxalate and 25 to 309, in the carbonate.
By reaction 2 there was 889, in the diethyl
ketone and 129, in the barium carbonate. Car-
son, et al., did not place much confidence in re-
action 1 but the divergence from a fifty-fifty
distribution in reaction 2 was considered con-
clusive evidence that the fixed carbon dioxide
was not exclusively in the carboxyl group but more
likely was distributed to every position of the
molecule.
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Wood, ef al.,® degraded propionic acid contain-
ing fixed C'? obtained from similar fermentations
by the following reactions

P and Br
CH;CH,C1300H ——————— CH;CHBrC*00H (3)
then Hzo

AgOH
CH;CHBrC"*00H ——— CH;CHOHC"*00H

KMnO,
CH;CHOHC"®OOH ———> CH;CHO + Ct:0,

If the fixed carbon (C!¥) was in the carboxyl
group, as indicated in reaction 3, the acetalde-
hyde obtained would contain only the natural
complement of C1® and the carbon dioxide an
amount of C!® equivalent to that present in the
carbon dioxide fixed during the fermentation,
Wood, et al., found this to be the case.

The determination of the causes of the dis-
crepancy between the two investigations seemed
desirable, particularly in view of the fundamental
importance of the results. If the observations
of Carson, et al., are correct, it means that the
propionic acid bacteria possess the ability to
synthesize a carbon chain completely from 1-
carbon compounds. We have, therefore, syn-
thesized propionic acid by the reaction

CH;CH;MgBr + C130; —> CH;CH,;C!*0O0OMgBr §i0>
CH;CH.C!*00H (4)
It is apparent that the propionic acid obtained
contains the concentrated C1® in the carboxyl
group. The acid was recovered from the reaction
mixture by steam distillation, concentrated and
fractionated (b. p. 139°) as described previously.®
The results from the degradation of propionic
acid synthesized by reaction 4 are shown in
Table I. Two values are given for each com-
pound (1) the experimental value as determined
with the mass spectrometer, and (2) the calculated
value.” The calculations are on the basis of the
synthesized propionic acid containing C!? in the
carboxyl carbon equivalent to that of the carbon
dioxide used in the synthesis, <. e., 4.92%, and the
reactions proceeding as pictured in 1 and 2.

(6) Wood, Werkman, Hemingway and Nier, Proc. Soc. Expil.
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mination of the C13 compounds,
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TABLE 1
DEGRADATION OF PROPIONIC Acip CONTAINING CONCENTRATED C!3 IN THE CARBOXYL GROUP

Compound

Synthesized propionate
L0, used in synthesis (carboxyl-C)

Na,CO;
. NaOOCCOONa

BaCOs

Alkaline permanganate oxidation (1)

Dry distillation of the barium salt (2) J

2 moles of C!?
moles of C1% +4 moles of Ci2 X 100.
molecule. 1.09 = 9%, C!? in nornial carbon.
carbons in molecules.

It is apparent by comparison of the experimen-
tal and calculated values that alkaline perman-
ganate oxidation, reaction 1, is not a reliable
method of obtaining the carboxyl carbon. The
heavy carbon of the propionic acid was distrib-
uted almost uniformly in the oxalate and sodium
carbonate, and each had approximately the same
average C!* content as the entire molecule of
propionic acid (2.43). Apparently the sodium
carbonate formed during alkaline permanganate
oxidation contains approximately 379, of the
carboxyl carbon. The oxidation was performed
by heating on a steam-bath for sixteen hours a
mixture containing 0.1 g. of propionic acid, 10
ml. of 1 N sodium hydroxide and 35 ml. of one-
quarter saturated permanganate solution in a
total volume of 90 ml. The excess perman-
ganate was removed with 3%, hydrogen peroxide
and then the manganese dioxide was filtered off.
The carbon dioxide from the carbonate was ob-
tained by acidifying the solution with 15 ml. of 1
M acetic acid. The oxalate was then precipitated
from the solution by addition of 30 ml. of 259,
calcium acetate and heating on a steam-bath for
twelve hours. The oxalate was oxidized to
carbon dioxide for the mass spectrometer deter-
mination by use of acid permanganate. From
1.35 mmole. of propionic acid there were obtained
0.58 mmole. of oxalate and 0.72 mmole. of car-
bonate, We have been unable to obtain quanti-
tative conversion to oxalate and carbonate as
claimed by McNair.?

The dry distillation of barium propionate, re-
action 2, was a reliable inethod for decarboxylation
under the coudition of our experiments. This is
shown1 by the agreement between the calculated
and experimental values of Table I. For ex-
ample, the barium carbonate which should con-

(8) McNair, THis JoUurNAL, 54, 3249 (1932).

(CH;CH,).CO (distillate)
| (CHsCH,):C=N—NHCH;(NOy):

N = no. of carbons with normal complement of C!3.
X = 9, CBin carbon containing concentrated C¥,

— 9, Cia
Found Caled.
2.43 2.37°
4.92
2,52 4.92
2,28 1.09
4.83 4.92
1.82 1.86°
1.38 1.44°

b Calculated from the general equation: (1.09 N + X)/M = average %, C'%in

M = total no. of

tain only carboxyl carbon contained 4.839, C**
as compared to 4.92, the per cent. in original
carbon dioxide used in the synthesis. Likewise
the ketone fraction contained the required con-
centration of C!*, The C'? of the carboxyl car-
bon is diluted in this case by C!2 from the other
carbons of the molecule in the oxidation to carbon
dioxide preparatory to the C!* determination.
The dry distillation was carried out at 460° for
one hour in a 25-ml. distilling flask submerged in
an alloy bath. Dry, oxygen-free nitrogen was
passed through the flask at a rate of two liters
per hour. The diethyl ketone was collected in
45 ml. of ice-cold water contained in a 22-mm.
test-tube. The inlet was drawn to a capillary.
At the conclusion, the carbon dioxide was liber-
ated from the residue of distillation with 1 N
hydrochloric acid and collected for analysis.
An approximate estimate of the diethyl ketone
was also obtained by weighing the 2,4-dinitro-
phenylhydrazone which was prepared from an
aliquot part of the distillate. After recrystalliza-
tion from alcohol, the hydrazone melted at 155°
corresponding to the melting point given in the
literature for that hydrazone. From 2.95 mmole.
of propionate there were obtained 2.83 mmole. of
carbonate and 0.95 mmole. of hydrazone (cal-
culated on the basis that the original uncrystallized
compound was the hydrazone of diethyl ketone).
In our experiments, similar to those of Ardagh,
et al.’ with calcium acetate, practically no de-
carboxylation was found at 350° in one hour. At
405° only 269, of the theoretical yield of carbon
dioxide and 18%, of the diethyl ketone were ob-
tained in one hour. The yield at 460° was 969
of carbon dioxide aud 649 of the diethyl ketoue.
Since Carsou, ef al.,” carried out their distillation

(9) Ardagh, Barbour, McClellan and McBride, J. Ind. Eng. Chem.,
16, 1133 (1924).
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at 330°, it is doubtful whether they actually were
dealing with a decarboxylation of propionate,®

Acknowledgment.—The authors wish to
thank Professor Henry Gilman for his assistance
in this investigation.

Summary
The reliability of the reactions used to locate

(10) After completion of this investigation, Dr. Ruben informed us
by private communication that they have been unable to duplicate
their previous results® and have now found radioactive carbon only
in the carboxyl group of the propionic acid.
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carbon dioxide fixed in propionic acid by bacterial
fermentations has been investigated.

Alkaline permanganate oxidation is not a
reliable method of decarboxylating propionic acid.
Dry distillation of barium propionate gives
reliable results under proper experimental con-
ditions. The results have been obtained using
synthetic propionic acid containing the isotope of
carbon (C!?) as a tracer of carboxyl carbon.
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Macromolecular Properties of Linear Polyesters: Molecular Weight Determinations
on «-OH-Undecanoic Self-polyesters

By W. O. Baker, C. S. FULLER aND J. H. Herss, Jr.

Polymers resulting from the self-esterification
of w-OH acids represent isochemical systems
whose number average molecular weights can be
unambiguously determined by end group titra-
tion. In addition they consist of molecules which
are strictly linear and structurally well defined.!
They are therefore model macromolecular as-
semblies on which to test the Staudinger viscosity
relation,>®* the connection between polymer
size and solubility,’ and the relation between
melt viscosity and average molecular weight.
The present investigation attempts to explore
and compare these relationships for the w-OH-
undecanoic series of polyesters of high purity and
known average size. In addition, it was desired
to present further experimental evidence for the
chain segment theory of macromolecular proper-
ties, which has been found to explain satisfac-
torily the melting point and solid state behavior”
of these substances.

Methods

Materials.-—The pure w-hydroxyundecanoic acid was
prepared and isolated by Mr. W. S. Bishop of these
Laboratories, using largely the method of Walker and
Lumsden.® Equal weights of the acid were weighed into
cylindrical Pyrex reaction tubes fitted with ground-glass

(1) Carothers and Van Natta, THis JOURNAL, 88, 4714 (1933).
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gen,” Julius Springer, Berlin, 1932.
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(3) Schulz, Z. physik. Chem., ALrTS, 321 (1937).

(6) Flory, THis JoURNAL, 62, 1057 (1940).

(7) Fuller, Baker and Pape, ibid., 62, 3275 (1940).

(8) Walker and Lumsden, J. Chem. Ind., 79, 1183 (1902).

stoppers containing a gas inlet tube extending to the bot-
tom of the reactant, The reaction vessels had exhaust
tubes near the top. All polymers were prepared in an
electric furnace comprising a metal block of high heat ca-
pacity whose temperature was kept at 200 = 1° and was
automatically recorded throughout the reaction. Uni-
formity of temperature all around the reacting mass was
established by tests with thermocouples at various points.
Pure tank hydrogen was passed through a copper reducing
furnace and dried over sulfuric acid. It was then passed
through the reaction tubes at a nearly constant rate.
The control of gas ebullition through the polymer melt is
important not only in water removal during the condensa-
tion but also as a stirring agent. The gas flow through
each reaction tube could be independently checked at any
time by a flowmeter by-pass. There was no reflux in the
system.

Equivalent Weights.—Solutions of equal weight concen-
trations within 0.29, were made by dissolving weighed
portions of the dried polyesters in reagent chloroforin.
These corresponded always to about 1 g. of polymer per
100 cc. of solution, and were exceedingly dilute in terms of
normality. They were titrated at room temperature with
0.0096 N alcoholic sodium hydroxide standardized with
Bureau of Standards potassium acid phthalate. No in-
formation on the probable degree of dissociation of the
polymer acids or their salts in organic solvents is available.
A pronounced effect of non-aqueous solvents on the be-
havior of organic acids has been widely noted.®”'® How-
ever, the end-points with constant phenolphthalein con-
centrations as indicators were sharp, and it is felt that the
equivalent weights (number average molecular weights)
thus obtained are at least equal in accuracy to those of
any other size determination on macromolecules.

Solution Viscosity.—The solution viscosities were deter-
mined on solutions of the polymer in reagent chloroform.
It was found of critical importance for use in the Ostwald

(%) Richardson, Proc. Roy. Soc. (London), B11§, 170 (1934).
(10) Parton and Gibbons, Trans. Faraday Soc., 35, 542 (1939



