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Formation of Fumaramic Acid from Asparagine in Phosphate Buffer

By EuGeNe A. TarLLEY, THOMAS J. FITZPATRICK? AND WILLIAM L, PORTER
RECEIVED JuLy 21, 1958

The compound isolated from the reactions of asparagine in phosphate buffer and previously reported to be 4-carboxy-
2-azetidinone, has been shown to be fumaramic acid. Authentic fumaramic acid was synthesized from fumaryl dichloride
and compared with the compound from asparagine by chemical means, by infrared absorption and by X-ray powder dia-

grams,

In a publication® describing results of investi-
gations of analytical methods for use with amides
from potatoes, the authors reported the isolation
of a compound from the reaction mixture resulting
from heating asparagine in pH 6.7 buffer (Na,-
HPQ,, KH;PQ,) at 100° for 24 hours. This com-
pound, from the available analytical data, ap-
parently corresponded to a structure described by
the name 4-carboxy-2-azetidinone. Carbon, hy-
drogen and nitrogen analyses, molecular weight,
neutralization equivalent, ninhydrin activity and
reaction with the Rydon-Smith reagent* all were
consistent with this structure.

At the suggestion of Dr. Ernest Sondheimer,?
we re-examined the compound with the pos-
sibility in mind of its being fumaramic acid, the
mono-amide of fumaric acid, first synthesized by
Griess® by treatment of asparagine with methyl
iodide and potassium hydroxide. This compound
has the same molecular weight and empirical for-
mula as the isolated compound. The possibility of
fumaramic acid had not been considered previously
by the authors since its production would require
the deamination of the asparagine under extremely
mild conditions leaving the amide group intact.

This re-examination has led to explanations of
certain difficulties encountered in the earlier
work such as the failure to esterify by the usual
procedure involving hydrochloric acid. It has
also led to the discovery of an error in interpre-
tation, namely, the stability of the compound toward
hydrolysis by 6 N HCIL. Hydrolysis had been
checked originally by chromatographing the hy-
drolysate on paper in several solvents. The
compound moved, in these solvents, almost identi-
cally with the unhydrolyzed material, was acidic,
negative to ninhydrin and positive to the Rydon—
Smith reagent. However, when restudied, the
product was found to be fumaric acid which was
also determined to give a positive Rydon-Smith
reaction, an unexpected and previously unknown
fact.

Hydrolysis with hot sodium hydroxide produced,
after desalting by ion-exchange, mainly fumaric
acid but also malic, succinic and tartaric acids
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(identified by paper chiromatography and deriva-
tives), as would be expected from the litera-
ture.’

An authentic sample of fumaramic acid was
synthesized from fumaryl dichloride by prepara-
tion of monomethyl fumarate according to the
method of Lutz.® This compound was treated
with concentrated ammonium hydroxide to form
the ammonium salt of fumaramic acid. After
desalting by ion-exchange, the fumaramic acid
was recrystallized from water. Determination of
the melting point on the microscope hot-stage gave
a sublimation range of 191-193° as reported for
the so-called 4-carboxy-2-azetidinone. However,
determination in a capillary tube in an oil-bath
showed both compounds to melt at 216.5-217.5°,
the melting point given in the literature for fu-
maramic acid. Molecular weight, melting point,
ultimate analyses, Ry data by paper chromatog-
raphy as well as infrared absorption and X-ray
powder diagram data have led to the conclusion
that the compound previously isolated was fu-
maramic acid.

Treatment of fumaric acid with concentrated
ammonium hydroxide for three weeks at room
temperature does not produce any detectable
amount of aspartic acid while fumaramic acid
under the same conditions goes quantitatively to
asparagine, When fumaric acid is treated with
ammonium hydroxide, the ammonium salt is
formed and under these mild conditions the addi-
tion to the double bond is difficult. However, in
the same treatment of fumaramic acid, the car-
boxamide group does promote the substitution of
the double bond. These observations fit the ex-
perimental data and are consistent with data in
the literature? concerning activation of double
bonds by carboxamide groups and esters. As-
partic acid in phosphate buffer under the condi-
tions employed with asparagine produces no
fumaric acid. The removal of the amino group of
asparagine is an example of a base-catalyzed elimi-
nation reaction in which the carboxamide function
of the asparagine has activated the adjacent methyl-
ene group. Preliminary studies indicate that time,
temperature and basicity have an influence on the
relative ratio of the products (fumaramic acid and
aspartic acid). Increase in pH to 7.50 produced
approximately 259, fumaramic acid based upon
the asparagine as compared to about 5%, at pH
6.5.
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Experimental

Fumaramic Acid from Asparagine.—Method described in
original paper!:

Anal. Caled. for CHO;N: C, 41,74; H, 4.38; N,
12.18; mol. wt., 115.09. Found: C,41.45; H, 4.24; N. 12.04;
mol. wt. (freezing point depression using glacial acetic acid),
103.2; neut. equiv., 109.3; m.p. (capillary tube 216.5~
217.5° (cor.).

Fumaric Acid Monomethyl Ester.—The method of An-
schiitz and Baeumges! as modified by Lutz® was employed.
A solution of dry methanol (10.7 g.) in 145 ml. of dry ben-
zene was added dropwise to 51.0 g. of fumaryl dichloride
with constant stirring. The temperature was kept below
30° and hydrogen chloride was evolved. After standing
overnight, under dry conditions, the benzene was boiled
off at atmospheric pressire. The product was fractionally
distilled through a 12-inch column filled with small porce-
lain saddles at a pressure of about 18 mmi. Four fractions
were taken with boiling ranges 62-71°, 71-82°, 82-84° and
84-85°, At 84-85° a product solidified in the column (di-
inethyl fumarate). The fractions boiling from 71-84° were
combined and stirred vigorously with cold water until the
emulsion, first formed, solidified and crystallized. After
cooling in ice, the suspension was filtered and the crystals
washed with ice-water. The yield, after drying at 50° in
vacuo, was 8.2 g. or 18.9% of crystals melting at 144.0—
144.5°
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Fumaramic Acid from Fumaric Acid Monomethyl Ester,.—
The fumaric acid monomethyl ester (8.2 g.) was treated with
25 ml. of concentrated ammonium hydroxide at room tem-
perature, Solution occurred immediately. After shaking
for several minutes, a product began to crystallize. The
suspension of crystals was allowed to stand two hours and
then evaporated to dryness in a rotary evaporator. The
dry product was taken up in water and redried to remove the
last traces of free ammonia. The product was dissolved in
water and passed through a column of Dowex 50! in the
H* ion cycle to desalt, After washing with three bed-
volumes of water, the effluent and washings were combined,
evaporated to a small volume in the rotary still at less than
40° and allowed to crystallize. After recrystallization from
water and drying at 50° 1x vacuo, the yield of fumaramic acid
was 6.3 g. or 16.4%, based upon the fumaryl dichloride.
X-Ray powder diagrams and infrared absorption in KBr
disks showed the two samples of fumaramic acid to be iden-
tical.

Anal, Caled. for CH;O;N: C, 41.74; H, 4.38; N,
12.18; mol, wt., 115.09. Found: C, 41.85; H, 4.60; N,
11.96; mol. wt. (freezing point depression in glacial acetic
acid), 102.2; neut. equiv., 110.4; m.p. (capillary tube),
216.5-217.5°; hydrogenation (g./mole H,), 118.2,
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The Role of Thiamin in Carboxylase

By D. F. DETAR! aND F. H. WESTHEIMER
RECEIVED AucGusT 14, 1958

The decarboxylation of pyruvate with yeast carboxylase has been carried out in tritiated water.

pyrophosphate, was released from the enzyme,

The coenzyme, thiamin

Carrier was added, and the coenzyme was cleaved to pyrimidinesulfonic

acid. The compound so obtained contained no tritium. This finding for the enzymatic reaction accords witli the facts for
the known mode! system which catalyzes the decarboxylation of pyruvate, and with the probable mechanism for the enzy-

matic and “model” systems,

A mechanism for the action of thiamin has re-
cently been advanced by Breslow.? This mecha-
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nism involves the ionization of a proton from the 2-
position of the thiazolium ring, to form an ylid; this
ylid is postulated as the essential intermediate in
the decarboxylation of pyruvic acid.

The ionization shown in equation 1 has been dem-
onstrated by deuterium exchange, and the mech-
anism will account for the reactions observed in
model systems,® Earlier the ylid IT was postulated*
as an intermediate in the process, but this possibility
has been disproved for the model systems.?
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Although it seems reasonable to assume that the
model system and the enzymatic one operate by
very similar mechanisms, this point remains for
experimental demonstration. The present research
is concerned with a study of the mechanism of the
enzymatic decarboxylation of pyruvic acid with the
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