COMMUNICATIONS

Nonenzymatic Discoloration in Dried Cabbage. I1. Red Condensation Product of
Dehydroascorbic Acid and Glycine Ethyl Ester

The cherry red color formed initially in the
browning of freeze-dried cabbage has been stud-
ied using a model system consisting of dehydro-
ascorbic acid (DHA) and glycine ethyl ester
which produces a chromogen of similar color
characteristics. Elemental analysis, gel elution,
and spectral studies indicated that the reaction

takes place in equimolar proportions to give a di-
meric, unsaturated condensation product, the
probable structure of which is discussed. The
chromogen is labile, hygroscopic, unstable in
aqueous or acidic medium, and is light and heat
sensitive.

In fruits, wherein the pH is generally below 4.0, brown-
ing is mainly due to the decomposition of ascorbic acid
(AA) to furfural (Huelin, 1953; Huelin et al., 1971). Since
the pH of the vegetables is generally above 4.2, this path-
way of browning is inoperative. In the previous paper
(Ranganna and Setty, 1968), it was shown that the devel-
opment of a red-brown color in freeze-dried and in an al-
coholic extract of cabbage was a nonenzymatic reaction
involving Strecker degradation of amino acids by the oxi-
dation products of AA, viz. DHA or 2,3-diketogulonic acid
(DKG). As efforts to isolate the light cherry red coloring
matter formed initially in the freeze-dried cabbage were
not successful, a model system producing the same color
characteristics as the chromogen was investigated.

EXPERIMENTAL SECTION

Glycine Ethyl Ester-DHA Reaction Product (Red
Chromogen). Repeated attempts to prepare DHA by the
procedures of Kenyon and Munro (1948) and Pecherer
(1951) using iodine in absolute methanol gave poor yields
and impure products. The use of absolute ethanol over-
came this difficulty. Thorough shaking of DHA with alco-
hol two or three times until the filtrate was colorless fol-
lowed by washing with cold water and finally with alcohol
produced the pure compound, mp 225-227° after drying.

Glycine ethyl ester hydrochloride (Marvel, 1961) was

converted to the free base in alcoholic sodium hydroxide
and distilled under vacuum at 40°. The distillate contain-
ing 20.69 g of glycine ethyl ester was placed in an amber
colored bottle and cooled in an ice bath, and 17.4 g of
DHA was added. The mixture was shaken and heated on
a water bath at 40° protected from moisture by a guard
tube. Heating was continued until most of the DHA had
-dissolved (15-20 min) and then filtered. The resultant so-
lution was deep cherry red in color. The solution was
cooled in an ice bath, shaken with activated charcoal
(Merck) for 30 min, and filtered using kieselguhr. The fil-
trate was concentrated under vacuum at 40° and the red
chromogen precipitated using peroxide-free ethyl ether.
The resultant precipitate which was sticky and gelatinous
was dried in a vacuum desiccator over calcium chloride.
The yield was 25.1 g.

The red chromogen did not crystallize by classical pro-
cedures or even when 5,6-O-isopropylidene DHA was used
in the synthesis, instead of DHA. Hence, purification was
effected by dissolving the dried product in absolute etha-
nol, precipitating with ethyl ether, centrifuging, and final-
ly drying the residue in a vacuum desiccator. After three
or four such precipitations, the resulting precipitate from
ethanol-ether solution was not sticky but granular. Final-
ly, the dry powder was dissolved in absolute alcohol and
concentrated under vacuum, when precipitation of the
chromogen occurred as concentration progressed. The pre-
cipitate was dried in a vacuum desiccator over phosphorus
pentoxide. The recovery was very low (15%).

The following observations regarding the synthesis and
purification of the red chromogen would be relevant. In
the absence of a solvent, reaction between DHA and gly-
cine ethyl ester was exothermic and the color turned
brown. Similar color changes were observed in the pres-
ence of alcohol when the reaction temperature was 60-70°.
Hence, mild heating conditions had to be used. Micro-
crystalline DHA is very sparingly soluble in absolute alco-
hol. The unreacted DHA could be easily filtered off. Trac-
es of DHA in solution were not precipitated by ether. An
excess of glycine ethyl ester, if present in the reaction

product, would either be adsorbed on activated carbon or
remain soluble in ether.
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Figure 1. Absorption spectra of glycine ethyl ester~DHA reac-
tion product.
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Figure 2. Changes in pH with added acid and alkali in agueous
medium.
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Figure 3. Changes in color in agueous medium.

The use of ethyl ether, though generally not favored for
precipitation, was imperative as acetone, dioxane, ethyl
acetate, petroleum ether, benzene, etc., were found un-
suitable.

The reaction product was chromatographed on tlc
plates using alcohol, alcohol and ethyl acetate (1:1) or n-
butyl alcohol, water, and ethanol (20:5:1.3) as solvents
and then exposed to iodine vapor or sprayed with 5% sul-
furic acid in ethanol and dried at 110°. After repeated
precipitation of the chromogen, chromatographic exami-
nation revealed a single spot thus ensuring the purity of
the compound.

2,4-Dinitrophenylhydrazine (2,4-DNPH) Derivatives.
The 2,4-DNPH derivatives of DHA and the chromogen
were prepared according to the method of Shriner et al.
(1966) and recrystallized twice using 1:1 alcohol and ace-
tone (Jackel et al., 1951). The recrystallized sample was
further purified by silica gel column chromatography
using a mixture of toluene and ethyl acetate (1:1) as el-
uent (Kurata and Sakurai, 1967) and examined by tlc
(Clegg and Morton, 1965).

Gel Elution. Fifty milligrams of the red chromogen dis-
solved in 0.5 ml of water was placed on a Sephadex G-10
column (30 em X 1.5 c¢cm) and eluted using 60% ethanol
(fraction volume, 3 ml; elution rate, 1.75 ml/min). The
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Figure 4. Changes in pH with added acid and alkali in alcoholic
medium.
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Figure 5. Changes in color in alcoholic medium.

color from each fraction was measured in a Spectronic 20
colorimeter at 510 nm.

Measurement of Spectra. Visible and uv spectra were
taken in a Beckman DK-2 recording spectrophotometer.
Nmr spectra were recorded in a Varian HA-100 analytical
model spectrometer. The effect of light on the chromogen
in solution was measured in a Beckman DK-2 recording
spectrophotometer at 515 nm.

RESULTS AND DISCUSSION

Along with DHA, when glycine was used in place of gly-
cine ethyl ester for synthesis, purification of the reaction
product by chromatographic procedures (paper, cellulose,
modified cellulose, silica gel, or ion exchange) was not
successful due to rapid conversion of the red color to
brown; irreversible adsorption of the coloring matter to
the column when ion exchange resin, modified cellulose,
or silica gel was used; and instability of the red color
when water or aqueous buffer was used for elution. For
similar reasons, efforts to isolate the chromogen from
freeze-dried cabbage were also not successful.

General Properties of the Red Chromogen. The chro-
mogen was fine granular, dull red in color and highly hy-
groscopic; mp 98-100° (melts and decomposes with foam-
ing). It was soluble in water, ethanol, methanol, and ace-
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Figure 8. Elution pattern of dextran blue and red chromogen on
Sephadex G-10.

acyclic saturated ester.. The corresponding band at 1230
cm~! would suggest an acetate ester (C—0—C stretch;
glycine moiety). The shoulder at 1780 cm~1! may be due
to a lactone C=O0 stretch (compare DHA, 1780 cm~—1)
(Kurata and Sakurai, 1967).

The nmr spectrum of the compound (Figure 7) run in
Me2S0-ds solution does not contain a signal between 6
and 15 ppm corresponding to an enolic proton. On the
basis of structure I, however, it may be expected that the
CH; protons of the ethyl ester group (COOCH,CHa)
should appear as a sharp triplet in the 1-ppm region. The
cluster of signals roughly corresponding to a triplet cen-
tered at 1.2 ppm suggests a probable mixture of mono-
meric isomers or a polymeric material. Such a situation
would account for the perturbed triplet due to the CHj
protons as actually observed. The remaining signals,
somewhat submerged in a broad hump, do not lend them-
selves to ready interpretation.

The molecular weight of the compound could not be de-
termined by mass spectra because of the low volatility of
the compound and so gel filtration was adopted. The
chromogen eluted just beyond the void volume suggesting
a molecular weight less than 700 (Figure 8). This would
favor dimeric structures (I[-IV) for the material rather

i 0 }T 0
oHI| OH
o’y gICHZCOOCZH;) N
0 0
CHOH AN
i ;o .
CH,OH R g R
I I
Rl R O O R RI
B3(0) I+OH_
N N7
0 0 0 0
OHN N 7o OH
| , .
R R g 0
il v
Structure Anal. caled. %
no. C H N
I, C,;H,,NO, 4633 502 541

4477 5.22 5.22
Found
44,06 524 2.34

-1V, (C,H,,NO,),-H,0

than a polymeric structure. Based on crystallographic
data, DHA is reported to be dimeric in the crystalline
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state (Hvoslef, 1972). Perhaps this may have a relation to
the dimeric structure of a DHA-glycine ethyl ester reac-
tion product. Using Raney nickel as a catalyst at atmo-
spheric pressure in an alcoholic medium, the uptake of
hydrogen by the chromogen was 2 mol/mol equiv of the
compound. This lends further support to structures II-IV.
The unsymmetrical structures III and IV are to be pre-
ferred inasmuch as one may expect that II should give rise
to an unperturbed triplet in the nmr spectra for the
COOCH2CH3; because of the essentially equivalent envi-
ronments of the two ester groups. Between III and IV the
observed visible absorption at 515 nm, however, would be
more consistent with an ionic species containing extended
conjugation as in IV, Thus, the available evidence would
permit the tentative formulation of the compound as in
Iv.

Derivatives of DHA and Chromogen. DHA formed a
derivative with semicarbazide hydrochloride or phenylhy-
drazine hydrochloride but not the red chromogen. DHA
formed a bishydrazone with 2,4-DNPH. The elemental
analysis of the 2,4-DNPH derivative of the chromogen
agreed well with the calculated and found values of the
DHA bishydrazone (Anal. Caled for 2,4-DNPH of DHA,
ClgH1401st: C, 40.46; H, 2.64; N, 20.97. Found: C,
40.64; H, 2.76; N, 20.85. Found for the 2,4-DNPH deriva-
tive of red chromogen: C, 40.14; H, 2.68; N, 20.92). Identi-
cal melting points (289-292°), R¢ on tlc plates using dif-
ferent solvents, and superimposable visible and ir spectra
further confirmed that the 2,4-DNPH derivative of the red
chromogen was the same as the bishydrazone of the DHA.
This could be expected due to the decomposition of the
chromogen in the presence of mineral acid in the prepara-
tion of the 2,4-DNPH derivative.
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