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The preceding paper (1) has shown that the amino acids (2) isolated

from Stizolobium bassjoo, stizolobinic acid (I) and stizolobic acid (II),
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on peper electrophoresis; )‘pﬂ 5.0 233, 306 my (log e 3.41, 4.00). Ozone

oxidation of stizolobinic acid in aqueous solution produces aspartic acid.
Therefore, stizolobinic acid is considered to bave a structure closely
related to that of stizolobic acid.

Since all the reported properties of this acid can be explained as
reedily by an Q~pyrone structure (II) and since a-pyrone-6-carboxylic acid
derivatives may be formed from catechol compounds by the oxidative cleav-
age reaction of the "metapyrocatechase” type (2), as indicated by the
hypothetical biogenesis shown below, the structure of stizolobic and stizo-
lobinic acid bhas been reexamined. Because the amino acids were present in
very small amounts, sufficient quantities were not available for the usual

structural determinations.
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In order to determine whether the two natural amino acids had a y- or
a-pyrone structure, several y- (3,4) and a-pyronecarboxylic acid deriva-

tives (5,6,7) were synthesized as model substances and their acid-base

dissociation constants, pKa', and ultraviolet absorption spectra at each
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dissocietion step were compared. Stizolobic and stizolobinic acids resem-
bled Q-pyrone-6-carboxylic acid derivatives (Table 1).

In general, both Q-pyrones and y-pyrones undergo facile ring opening
with strong base at room temperature. In y-pyrones ring opening is re-
versible under aclidic conditions, whereas, in Q-pyrones, it is irrever-
sible and other products are formed. The two natural amino acids behaved
like Q~pyrones under these conditions. Thus, stizoloblc acid and stizolo-

binic acid represent two of the three a-pyrome-6-carboxylic acids shown

below.
CH2-(|ZH-COOH
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The behavior of O-pyrone-6-carboxylic acid and its three methyl hamo-
logs was examined under various conditions, and it was found that they

underwent the following four isomerization reactiocns (8).
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These reactions were considerably affected by the position of the
side-chain substituent groups Rl 3 Re , and R3 and by temperature, time and
pH. Thus it was possible to deduce the position of the side-chain substit-

uent by an examination of these iscmerization reactions (8).
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Table 1 pKa' and Ultraviolet Spectra of
a- and y-Pyrooe Derivatives

in my (log ¢)
Campounds pKa' ® b Mpeoc 17 M ¢
PH 1.4 o 5.0° pit 12,49
2-Carboxy-y-
pyrone (3 1.6 —_— 260 (4.0 )¢
2,6-Dicar - <2 223 (b.o6 223 (4.10)
w’/-pyrone (& 2.2 273 3.91»; 274 23,99) 385 (4.38)
5-Cerboxy-ci= 2k5 (3.90) | 239 (3.81)
pyrone 3.3 | 288 (3.61) | 291 (3.68) | 323 (3.96)
6-Carboxy-a- 229 (3.34) | 227 (3.51)
pyrone (5) 1.9 | 301 (3.89) | 303 (3.88) | 390 (>4:37)
3-Methyl -6- o
39 (3.48 234 (3.53 ca.

mgg; 2.2 | 35 gu.osg 302 Eh.m; 330 (>4.13)
L-Methyl -6-

- 230 (3.36 228 (3.34)
1) 2o | 0GR | BB | 200
5-Methyl-6-

232 (3.43 228 (3.57
carboxy-o- 2.4 345 (>4.17)
pyrone (7) 305 23-87; 308 (3-87g
Stizolobilc <2
acid gg 301 (3.85) 303 (3.86) 348 (4.07)
Stizolobinic <2 234 53.38) 233 (3.41) ca.
acid <g 304 (4.00) 306 (4.00) 330 (>4.11)
.9

a Measured with Titrigreph Type SER 2 / SBU 1 (Radiometer).
b 0.1 N agqueocus hydrochloric acid solution.
¢ 0.1 M phosphate buffer solution.
d 0.1 N aqueocus sodium hydroxide solution. Maximum absorption of the

cleaved product that appears during gradual ring-cleavage reaction
of the pyrone ring at room temperature under these conditionms.
Aqueous solution.



No, 46 Tkl

The opening of the a-pyroue ring in the three methyl C-pyrone-6-
carboxylic acids was followed by ultraviolet spectroscopy in 0.1 N alkali
at room temperature. The resulting spectral changes (Fig. 1) are charac-
teristic and different for each of the three methyl homologs. The analo-
gous date for stizolobic and stizolobinic acids are shown in Fig. 2.

Comparison of Figs. 1 and 2 demcnstrates the similarity between
stizolobinic acid and 3-methyl-6-carboxy-C-pyrone. Together with the
ultraviolet data shown in Table 1, examination of isamerization under
different conditions indicates that stizolobinic acid has a side-chain in
the 3-position. Stizolobinic acid would then be B-(6-carboxy-¢'-pyron-3-

yl)alenine (IIA).

The behavior of stizolobic acid under base conditions did not, how-

ever, correspond with any of the side~-chain substituted Q-pyrone-6-
carboxylic acids. Also the ultraviolet spectrum did allow a definite
differentiastion between the U4- or S5-substitution. The failure of stizo-
lobic acid to form & lactam is, however, evidence against formula IIC
since a compound of this structure should easily form e lactam.

The reason for the anomalous behavior of stizolobic acid was found
when the two amino acids were bolled in concentrated hydrochloric acid.
Stizolobinic acid (IIA) is quite stable, but stizolobic acid is abnor-
melly labile and easily undergoes decarboxylation in the presence of
oxygen to form h-methylpicolinic acid. Investigation of this reaction
suggested the isomerization scheme depicted below. If this reaction is
carried out under nitrogen, intermediate B is formed via intermediate A
by decarboxylation. In air, further decarboxylation occurs with the
formation of L-methylpicolinic acid. Intermediate A resembles the alka-
line cleavage product of stizolobic acid. Intermediate B has the

spectral properties of a dihydropyridine derivative. L-Methylpicolinic
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acid was identified by comparison with an authentic sample.

CH2-(|7H-COOH CHE-(IIH"COOH CH/ COOH
HH SN
N e o Z S N mf TN
> —
I boil HOOC l HOOC NN

0 0 COCH HO COOH COOH
Intermediate A
L,
pH 12.5 348 my

CHQ-COOH WQ-COOH

H_ _COOH
B, ¢, =
Hooc\/@\ ca . s>
-C0p
X coom N “cocy 5 CooR

Intermediate B
pH 1.4 288 my
A8 12:5 558 my

™ex

CHy
= AR 1-b o (Log ¢): 221 (3.63), 257 1om.
| (3.17), 263 (3.76),
-0y e 269 infl. (3.71).
AE 12:5 my (1og ¢): 257 fnfl. (3.38), 264
pKa' 2.1, 6.3 (3.46), 270 infl. (3.42).

The alanyl side-chain in stizolobic acid must be in the 4-position

of a-pyrone-6-carboxylic acid and the structure of stizolobic acid is best

expressed by formule IIB, B-(6-carboxy-0'-pyron-k-yl)alanine. Accordingly,

both stizolobic and stizolobinic acid have structures in agreement with the

above proposed biogenetic pathway.
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